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TEANSLATOR'S PREFACE. 



In presenting this work to English readers^ I wish to 
acknowledge the kind assistance I have received from 
Professor Jukes and Mr. Bristow in my own country, from 
M. Daubr^e and M. Guyerdet in France, and last, but 
not least, from the distinguished author. Professor Cotta 
himself, and from Mr. Stelzner, of Freiberg, to whose 
valuable assistance 1 owe most of what is good in the 
new arrangement of the Mineralogical part of the work. 
For the many imperfections which, in spite of much care, 
will probably be found, I am alone responsible. Never- 
theless, I hope that this work may in some measure 
supply a want which has been long felt in our geological 
literature. 

I trust that allowance will be made for the difficulties 
of a translator if, in some instances, terms have been used 
in this work in a slightly extended or even different 
sense from that of some English authors. This has never 
been done without much consideration, and what appeared 
to me absolute necessity in rendering the meaning of my 
author, and in the absence of an exact equivalent for the 
German term in our accepted geological language. 
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The juxtaposition of the English, Gennan, and French, 
equivalent names for each rock, although frequently pre- 
senting doubts and difficulties, will, I trust, in the main 
meet with acceptance, in which case it cannot fail to prove 
useful. 

Scientific names are the coin in which enquirers must 
exchange their ideas ; and if they can be made to corre- 
spond in different countries, the gain to science will be 
great. Such correspondence is as important in its way 
as the assimilation of currency for the operations of 
commerce. Should this object have been in any way 
promoted by the present work, my most sanguine expec- 
tations will have been fulfilled. 

I may here mention that, in furtherance of the same 
object, I have published, separately, a catalogue of the 
names of Rocks in the three languages. This catalogue, 
which is an outline of this work, may, perhaps, prove 
useful to collectors. 

P. H. LAWRENCE. 

London : Jarmary 1866. 



AUTHOE'S PREFACE 

TO THIS EDITION. 



Before my friend the Translator undertook the transla- 
tion of this work, I had collected materials and made 
certain alterations with a view to a third edition. 

The Translator himself, in the course of his labour, 
proposed certain alterations, which were adopted with 
my entire concturence. 

As far as my knowledge of the language enables me to 
judge, after a careful perusal, the translation appears to 
me to be very accurate. 

This English edition may therefore be considered as 
the third edition of my original work, although, if the 
appearance of a third German edition should be delayed 
for some time longer, there will doubtless be new matter 
and fresh alterations to be introduced; for Science 
marches with uninterrupted steps towards new fields 
of discovery, and every year alters its aspect. 

In a system of Lithology, however, most of the names 
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which axe in use will probably remain, and one chief 
object of this book is to define these so as to render 
intelligible the ideas which each name should convey ; 
and both Author and Translator are actuated by the 
desire and ambition of arriving, as far as may be possible, 
at a common ground for all nations in respect of the 
important matter of rock-nomenclature. 

B. COTTA. 

Fbeibbbq : January 1866. 
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LITHOLOGY. 



PART L 
CHAPTER I. 

MINERALS. 



The several substances which form the materials 
of the earth's crust are termed * Rocks,' the idea of a 
solid rocky substance not being necessarily implied. Most 
of what we call rocks are no doubt of a firm and solid 
character, but some consist only of soft or loose aggregates 
or accumulations of their component parts. 

These component parts are always minerals ; that is to 
say, all rocks are mineral aggregates, consisting of minute 
mineral parts more or less solid and more or less intimately 
and firmly united, knit, or cemented together. By this 
definition it will be seen that we exclude the animal and 
vegetable kingdoms; it may therefore be well to add 
that under the term mineral we include all mineralised 
remains of organic bodies. 

Most rocks are made up of parts of two or more different 
minerals, in which case they are termed composite. Some 
rocks, however, consist essentially of particles of one mine- 
ral only, such for instance as limestone ; these, in contra- 
distinction to the composite, are termed simple rocks. 

The composite as well as the simple rocks not unfre- 
quently contain subordinate ingredients, besides those 
which are essential to their character. These subordinate 
ingredients are termed accessory or non-essentiaL In 
most cases they are inconsiderable in quantity, or they 
only occur locally and do not appreciably alter the nature 
4. B 



2 MINERALS. 

of the rock ; but sometimes these accessory ingredient 
impart a special character to it, and so to a certain extern 
pass into essentials. Their presence creates the varieties 
of species. 

The constituent minerals (whether accessory or essen- 
tial) of any given rock either occur in separate crystals oi 
particles distinguishable by the naked eye, or they consist 
of small finely divided particles so intimately blended to- 
gether as apparently to form a homogeneous mass ; never- 
theless, in the latter case, their separate existence may be 
generally recognised by magnifying power. 

The first and principal requisite for the student o: 
Lithology is to be able to recognise and determine th( 
minerals of which a given rock consists. This is in man) 
cases no easy task ; he must therefore have a competen 
knowledge of mineralogy. Not with a view adequately t( 
supply the want of such knowledge, but by way of intro 
duction to our subject, and for the purpose of referenc( 
in the absence of more comprehensive works, we propos( 
to give in this chapter a brief notice of the principa 
minerals with which we have to do in examining thi 
structure of rocks, adding such particulars as are mor< 
especially useful for our present purpose. 

The number of these principal minerals is relatively 
very small. They may be classed under the foUowinj 
comprehensive names : — Felspar, Quartz, Mica 
Hornblende (Amphibole), Pyroxene (Augite'l 
Calcspar, and Dolomite. The following occur les 
frequently : — Chlorite, Talc, Leucite, Nepheline 
Olivine, Tourmaline, Garnet, Gypsum, Coal, som 
SuLPHURETS, and some Iron Ores. 

The number of the accessory ingredients is very mucl 
greater, and indeed almost unlimited; that is to say 
under certain circumstances almost every known miners 
may occur as an accessory in any rock, and the essentia 
ingredients of one rock frequently occur as accessories i: 
another rock. But although we may say with truth tha 
the number of the accessory minerals is without limit, ye 
in fact only about a quarter of the number of hithert 
known minerals occur in rocks so abundantly and fre 
quently as to be specially noticed in a treatise of Litholog} 

One consideration is particularly deserving the atteii 
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tion of the scientific observer of rocks ; we refer to what 
is termed by Breithaupt the * Paragenesis ' of minerals. 
By this is meant the law of mutual association or repulsion 
of certain minerals. It is well known to mineralogists 
that the presence of one mineral very frequently denotes 
the neighbourhood of another, and, vice versa, that the 
presence of some minerals forbids the simultaneous pre- 
sence of certain others. 

In 1849 Breithaupt first treated this subject, and pub- 
lished in his * Paragenesis der Mineralien ' a great number 
of renaarkable instances of this law. We may, for the sake 
of illustration only, select the following as examples : — 

1. Minerals which are nsually associated together: — 
Quartz and mica ; orthoclase, quartz, and mica ; ortho- 
clase and oligoclase ; labradorite and augite ; orthoclase 
or oligoclase and hornblende ; hornblende and epidote. 

2. On the other hand, quartz and augite appear each to 
exclude the presence of each other ; also (according to 
Roth) labradorite and hornblende (?). 

We are unable to pursue this important subject in this 
place ; we have been compelled to confine ourselves, in 
the following notice, to appending a few of the more im- 
portant instances of paragenesis to the description of 
some of the principal mineral classes. 

As to the much-debated question of classification of the 
minerals, we have adopted one which appeared to us best 
suited for our present purpose ; it is not exactly that of 
any one author. We have placed a few of those minerals 
first which are of the most frequent occurrence ; otherwise, 
the arrangement adopted will be found to correspond in 
Beveral respects with Dana's ' System of Mineralogy.' 

The following are the abbreviations we have used : — 
H. for hardness \ S.G. for specific gravity \ Cp. for 
chemical composition ; Bp. for before the blowpipe. The 
quantities of the chemical elements we have given in 
round numbers, as being sufficient for our present pur- 
pose. In the chemical formulae we have, for the sake of 
convenience, adopted the abbreviations usual on the Con- 
tinent, of expressing the oxygen atoms by dots, and a 
stroke to denote a double atom ; thus, Fe*0^ is written 
Fe. We subjoin the following list of formulae for the 
elementary bodies and their simple compounds : — 

B 2 
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CHEMICAL SYMBOLS. 



Al Aluminum, Aluminium 

Al Alumina 
Ag~~ Silver 
As Arsenic 

As Arsenic Acid 
Au Gold 
Ba Barium 
Ba Baryta 
B Boron 

B BoracicAcid 
Ca Calcium 

Ca Lime 
C Carbon 

Carbonic Acid 
Cb Columbium, Niobium 

Cb ColumbicAcid 
Ce Cerium 

Ce Protoxide of Cerium 
CI Chlorine 

HCl Hydrochloric Acid 
Cr Chromium 

Cr Oxide of Chromium 
Cr Chromic Acid 
Co Cobalt 

Co Oxide of Cobalt 
Cu Copper 

Cu Oxide of Copper 
Fe Iron 

Ye Protoxide of Iron 
fe Peroxide of Iron 
F Fluorine 

HF Hydrofluoric Acid 
G Beryllium or Glucinum 

G Glucina 
Hg" Mercury 
H Hydrogen 

H Water 
K ~~ Potassium 

K Potassa 
lia Lanthanum 



La Protoxide of Lanthanum 



Li Lithium 

li lithia 
Mg Magnesium 

Mg Magnesia 
Mn Manganese 

Mn Protoxide of Mangai 
Mn SesquioxideofMangi 
Na Sodium 

Na Soda 
Ni Nickel 

Ni Protoxide of Nickel 
N Nitrogen 
K Nitric Acid 

O Oxygen 
P Phosphorus 

P Phosphoric Acid 
Pb Lead 

Pb Oxide of Lead 
Se Selenium 
Si Silicon 

Si Silica 
Sn Tin 

Sn Oxide of Tin 
Sr Strontium 

Sr Strontia 
S Sulphur 

S Sulphuric Acid 
Ta Tantalum 

Ta Tantalic Acid 
Ti Titanium 

Ti Oxide of Titaniun 

fi Titanic Acid 

V Vanadium 

Y Yttrium 
Y Yttria 

Zn Zinc 

Zn Oxide of Ziac 
Zr Zirconium 

Zr Zirconia 
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I. Oxygen Compounds. 

A. OXIDES OP SILICON AND ALUMINUM (eAKTHS). 

1. Quartz, — Bhomboliedral crystals, usually combinations 
of two rhombohedrons and hexagonal prism. Cleavage accord- 
ing to the planes of one rhombohedron, but imperfect. Frac- 
ture conchoidal to uneven and splintery. H.=7. S.Q.=2*5 — 
28. Colourless and limpid, or variously coloured, forming many 
varieties. Lustre vitreous, sometimes resinous, especially on 
the STirfaces of fiwsture. Cp/=Si, with admixture of minute 
particles of colouring oxides. Two modifications of chemical 
composition are distinguished by their different degrees of solu- 
bility. The one is insoluble in water and in every acid, except 
hydrofluoric acid ; the other is soluble in water at high tem- 
peratures, especially in the presence of other acids and alkahes. 
The insoluble variety of quartz may, in process of time, be- 
come converted into the soluble by the contact-influence of 
infiltrated moisture. The soluble variety of quartz, in small 
proportions, is found in many waters of springs and rivers, 
and in the sea, e. g., at the Greysers in Iceland, up to y g^^y^ 
per cent, and in sea- water to i^q^qq^ per cent. Bp. infasible ; 
with soda fusible to a clear glass with effervescence. Not 
affected by phosphoric acid. 

(a) Common Quartz^ the most abundant of all minerals. 
It is found : — 
(a) As an independent rock. (See j>o«<.) 
(i3) As essential ingredient of many crystalline rocks, espe- 
cially the plutonic. In most kinds of granite, in greisen, 
and in the crystalline schists it is found in crystalline 
grains. In quartz-porphyry, rhyolite, and, excep- 
tionally, in some kinds of granite (e.g. St. Austell, 
Cornwall), it is perfectly crystallised. 
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(y) As accessory constituent mass of some rocks (such as 
crystalline scliists), in form of reins and swellings, or 
clothing the interior of geodes in other rocks (e.g. in 
the granites of Switzerland, Carrara marble, the 
rariegated sandstone of the Schwarzwald, &c.) The 
quartz of the geodes is frequently in the form of 
transparent crystals (rock crystal), or in greyish- 
brown to black crystals (smoky quartz, false topaz). 

(3) As principal ingredient of many fragmental rocks 
(sandstones, conglomerates). As sand and gravel in 
beds of deposit. 
(6) Amethyst — ^Violet, coloured by the oxide of manganese. 

(c) Chalcedony. — ^An intimate admixture of crystalline and 

amorphous silica. 

(d) Agate, — ^A variegated combination of common quartz, 

amethyst, jasper, camelian, and other varieties of quartz, 
arranged in alternate stripes or layers, or irregularly 
mixed together. 

[b, Cf and d chiefly occur in the geodes of volcanic rocks (in 
Iceland; Faroe Islands, the Brazils^ &c.), or in metallic veins 
(e.g. in Saxony).] 

(e) Jasper, — ^Very frequently in globular masses (ball-jasper) 

coloured red by the peroxide of iron ; found in the bog 
iron-ore of Briesgau, in Germany, and elsewhere, or 
coloured yellowish-brown by the hydrated oxide of 
iron. (Occurs in form of pebbles, e.g. in the sand 
of the Nile and Desert.) Jasper sometimes forms 
subordinate layers in other rocks. 
(/) Flint, — Coloured greyish-blue, or black, by presence of 
carbon. Occurs as a concretionary formation in sedi- 
mentary limestone rocks, e.g. in the Chalk of England 
and France, in the Upper White Jurassic of the Fran- 
conian Switzerland in Bavaria. 
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(g) Chert, Homstone is distingtiislied from flint by its more 
splintery fracture, by its transparency, and colour, 
which is grey, yellow, green, red, or brown, resembling 
jasper. It frequently furnishes the material of fossils, 
especially of fossil wood (woodstone). 

There are at least three different processes in nature which 
have contributed to the formation of quartz. 

Quajrtz has been formed: — 1. By organic agency. The 
siliceous needles (spiculee) of sea-sponges, the siliceous 
shields of certain Protozoa (kieselguhr, tripoli), and many 
plants (especially grasses) either contain quartz, or consist 
entirely of quartz. 2. By agency of water. The concre- 
tionary formations of flint, jasper, &c., the crystals and 
amorphous quartz contained in. geodes, and many formations 
at springs which consist of pure quartz, and are termed 
freshwater quartz. 3. By hydroplutonic agency. Daubree 
has actually produced quartz, by way of experiment, through 
the agency of steam on chloride and fluoride of silicon. 
Many kinds of quartz have no doubt been produced by pure 
plutonic agency. 

2. Opal. — ^Amorphous, massive. Fracture conchoidal to un- 
even; friable. H.=5-5— 6-5. S.G.=l-9— 2-3. Colourless or 
variegated with rich play of colours. Transparent to opaque. 
Lustre vitreous, also resinous. Possesses many varieties, dis- 
tinguished by their different colours and degrees of trans- 
parency. Cp. a/morjplwus Si combined with water, in varying 
proportion (up to 13 per cent.), and small quantities of colour- 
ing matter. It is distinguishable from quartz by being almost 
entirely soluble in potash ley, in matrass yields water. Bp. most 
kinds of opal decrepitate ; otherwise behaviour like quartz. 

Ocimrrence and Mode of Formalion. — Opal is never an essen- 
tial ingredient of rocks, but is of very frequent occurrence 
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as a secondary product, fnmislimg the interior of smal 
nests, and filling vesicular cavities in volcanic rocks, or dott- 
ing the surfaces of clefts in the same rocks. In these 
and similar cases the opal is a product of exfiltration from 
the rock in or near which it occurs. Thus, the precious opal 
found in the trachytic rocks of Hungary, the colourless 
hyalite in clefts of basalt and . lava (Bohemia, Auvergne). 
In rare cases, however, opal forms independent layers of 
small extent (riband opal) in siliceous rocks, e. g. in the 
tripoli of Bilin. The variety known as menilite occurs in 
knobs and layers embedded in the adhesive slate of Menil 
Montant, Paris. 

3. GonmdAjmi. — Occurs in rhombohedral crystals, or gran- 
ular aggregates (emery). Cleavage basal, also rhombohe- 
dral in various degrees of perfection. !Fracture conchoidal 
to uneven and splintery. H.=9. S.Q.=3'9 — 4*2. Colour- 
less or coloured blue (sapphire), red (ruby), or cloudy 
(corundum). Lustre vitreous, and frequently, on the basal 
cleavage surface, mother-of-pearl lustre. Transparent to 
translucent. Cp.=Al, with small quantities of Mg, Ca, Si. 
Bp. inj^sible when alone, perfectly fdsible with borax, but not 
without difficulty; not affected by acids. Occurs as an 
original product accessorily in many rocks (granite of Silesia, 
basaltic lava of Niedermendig on the Rhine, dolomite of 
the St. Gotthard). The precious varieties are chiefly found 
in alluvial beds (Ceylon, China). Emery forms separate 
masses of deposit in the talcose schist (Naxos, Saxony). 

B. SILICATES. 

(a) FELSPAR SECTION. 

The felspars are, after quartz, the most important of all 
ingredients of rocks. We distinguish two principal kinds 
of felspar, the orthoclastic (monoclinic), the two most per- 
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^ feet cleavage planes forming an angle of 90°, and tlie pla- 
5tJ gioclastic (tricKnic) with an angle of less tlian 90®. All 
felspars have a great tendency to form twin crystals, and 
tliis duplication occurs in them in a very marked manner, 
and according to six different laws. t 



Orthoclastic Felspars, 

4 Orthoclase, — ^Monoclinic. Cleavage basal and clinodia- 
gonal, very perfect in both directions, hemiprismatic, im- 
perfect. Fracture conchoidal to uneven and splintery. 
H.=6. S.Gr.=2*4 — 2*62. Colourless, sometimes limpid, more 
frequently coloured, especially reddish, yellowish, rarely 
green (amazon stone coloured by copper). Lustre vitreous, 
frequently with mother-of-pearl lustre on the most perfect 
cleavage surfaces. Possesses every degree of transparency, 
sometimes with iridescence or play of colours. Cp.=KSi + 
M^ with 65Si, 18A1, and 17K. A portion of the Al is 
frequently replaced by Fe, or Mn, and a portion of the K is 
sometimes repla<;ed by Na or Ca. Bp. fdsible with difficulty, 
and only at the edges, where it forms a dull porous glass. 
The varieties which contain soda colour the flame yellow. 
In microcosmic salt it is only soluble with difficulty, leaving 
beliind a skeleton of silica. "With cobalt solution the fased 
edges are coloured blue. Not susceptible to the action of 



Varieties of Colour and Lustre, 
(a) Adularia. — Colourless, or only shghtly coloured, with 
bright lustre, transparent to semi-transparent. Essen- 
tial ingredient of the adularia-granite and adularia- 
gneiss abundant in the Alps, also frequently found in 
the geodic cavities of granitic rocks (St. Qotthard). 
(h) Gommon Fehjpa/r (Pegmatolite, Microcline), — ^Variously 
coloured, less lustrous than adularia, translucent to 
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opaque. A characteristic ingredient of very many 
rocks, especially amongst the plntonic, such as granite, 
gneiss, syenite, porphyry. Frequently large felspar 
crystals (such as the so-called Carlsbad twins) occur 
^ porphyritically embedded in an otherwise regularly 
constituted rock (e.g. in the granite of Carlsbad in 
Bohemia, and of Cornwall, porphyry of Bmenau), or 
larger crystals clothe the sides of geodes (as in the 
granite of Baveno and the rocks of the Moume Moun- 
tains, in Ireland), 
(c) Sanidine. — Colour greyish- and yellowish- white, also 
grey. Lustre vitreous, very bright, transparent, trans- 
lucent. The crystals are very often split and creviced. 
It forms a very characteristic ingredient of genuine 
volcanic rocks, and only occurs in these. Thus it is 
found in phonolites, trachytes, pitchstones, obsidian, 
and lavas. Sometimes it occurs porphyritically in 
large tabular crystals, as in the trachyte of Dra- 
chenfels. 

Plagioclastic Felspars, 

All plagioclastic felspars are triclinic ; they cleave perfectly 
according to the base and the brachydiagonal, imperfectly 
according to the hemiprism. 

5. ^Z6iYe.— Fracture uneven. H.=6— 6-5. S.Q. = 2*59— 
2*65. Colourless or light red, yellow, green, or brown. Lustre 
vitreous ; mother-of-pearl lustre on the basal cleavage sur- 
faces. Transparent, translucent. A white and usually 
semi-opaque variety termed pericline, is distinguished by 
its constant crystallographic habitus. Cp.=NaSi+AlSi3= 
69Si-|-19Al-f-12Na. The Nais frequently in part replaced 
by Ca, K, or Mg. Bp. it ftises with difficulty, colouring the 
flame yellow. It is scarcely affected by acids. Albite is 
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frequently found associated in parallel growth with ortho- 
clase. It is likewise a characteristic ingredient of many 
diorites and granites. Exceptionally crystals of albite are 
fonnd in compact limestone (Col dn Bonhomme). 
6. Oligocldse. — Fracture uneven. H.=6. S. Q.=2'58 — 
: 269. Colour greyish, yellowish, or greenish. Lustre upon 
i the principal cleavage surfiwie vitreous, otherwise resinous, 
i Usually is much weathered, and in that state dull; in its 
[ fresh state translucent at the edges. Cp. = NaSi-fAlSi2 = 
62Si + 24Al + 14Na, The Na replaced in part (up to 6 per 
' cent.) by Ca, K and small quantities of Fe or Mn. Bp. fuses 
much more easily than orthoclase and albite, forming a clear 
glass. Little attacked by acids. OHgoclase is an essential con- 
stituent of diabase, diorite, and kersantite; it is frequently 
associated with orthoclastic felspars as a constituent of many 
lands of granite (Stockholm), syenite (Dresden), porphyry 
(Southern Tyrol), and trachytes (Hungary). 

Andesine may be considered as an oligoclase rich in lime. 
It has much the outward appearance of albite. It is an 
ingredient of many trachytic rocks of the Andes, and likewise 
of many crystalline rocks of the Vosges. 

7. Lahradorite.—R, = 6. S.G. = 2*67— 276. Earely co- 
lourless, usually grey, reddish, bluish or otherwise coloured ; 
usuaDy displays a rich play of colours. Lustre vitreous, 
sonletimes resinous ; translucent, *but usually only at the 
edges. Cp. = RSi + AlSi = 63Si -|- 30A1 + 12Ca -f 5Na. Bp. 
fuses somewhat more readily than oligoclase to a colour- 
less glass. Unlike other felspars, its powder is thoroughly 
soluble in heated muriatic acid. Labradorite is an essential 
constituent of many, and especially of the augitic, rocks, 
e.g. dolerite, basalt, gabbro (Isle of Skye), hypersthenite, 
and many lavas of Etna. 

SatLs^write (Jade) is probably only an Impure labradorite. 
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bearing somewhat the same relation to it as felstone to 
orthoclase. It remains unchanged by acids, occurs only in 
compact or finely grannlar masses, and forms an essential 
constituent of many kinds of gabbro and greenstones. 

8. Amrthite.—B..= 6—7, S. G. = 2-66 — 278. Colour- 
less, white. Lustre, mother-of-pearl on the cleavage surfaces, 
otherwise vitreous ; transparent to translucent. Cp. = R^Si 
+ 3AlSi = 43Si+37Al + 20Ca. The Ca replaced by Mg, K, 
and Na to the extent of 5 per cent. Anorthite is completely 
soluble by concentrated muriatic acid, without gelMmismg^ 
but is distinguished from labradorite by its being more diffi- 
cult of fusion. It is an essential constituent of the orbicular 
diorite (Kugeldiorit) of Corsica and of many ancient lavas 
(Monte Somma). It is also found in meteoric stones. 

Some Aids for distmguishmg the Felspar Species. 

(a) Grystallographic Signs. — ^When the light is brought to 
play on the basal cleavage plane of the orthoclastic fel- 
spars it presents an unbroken surface, or in case of twin 
crystals (according to the Carlsbad law) is double ; 
whereas in the case of the plagioclastic felspars a ^ne 
parallel striping is usually observed, occasioned by the 
parallel growth of numberless individual crystals as thin 
as leaves of paper. This striping, when observable, is a 
very characteristic sign, but its absence is not equally so. 

(/3) Signs of Pa/ragenesis. — ^The following minerals are fre- 
quently found in comparing: Orthoclase with oligo- 
clase ; orthoclase and oligoclase with hornblende ; 
labradorite with pyroxene. 
On the other hand, we seldom or never find together : — 
the alkali felspars (Nos. 4. 5, 6) and the calcareous 
felspars (Nos. 7, 8) ; or orthoclase with pyroxene ; 
oligoclase with leucite and nepheline ; labradorite with 
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hornblende; labradorite or anorthite with quartz or 
lencite. 
(y) The weathering of felspars is noteworthy, and is parti- 
cularly useftd for purposes of distinction where two 
species are found together in one rock. Labradorite 
and oligoclase weather more readily than orthoclase, 
orthoclase more readily than albite. Bearing this law 
in mind, if we have determined the species of the un- 
changed felspar, we may usually determine the other 
with a high degree of probability. 
(S) The chemical and physical characteristics of felspars 
have been already noted as above. 
As regards the origin of felspars : — 
They are sometimes clearly the result of wet process ; 
evidence of which is their appearance in veins and 
clefts, also the pseudomorphs which we find after 
leucite, analcime, laumontite, &c. 
Sometimes metamorphic, for Daubree succeeded in pro- 
ducing sanidine-like crystals by subjecting obsidian to 
the influence of overheated steam. 
And sometimes plutonic, as is proved by the presence of 
felspars in lavas and many other rocks of undoubted 
igneous origin, as also in the slags of smelting ^imaces. 
Finally, some are the result of process of sublimation. 
Thus, crystals of felspar have been found in blown-out 
fdmaces, and, reasoning from analogy, we may suppose 
the same process to have taken place in nature. 
9. Kaolm may be put as an appendix to the felspar group, 
a8 it is a product of the disintegration of orthoclase, albite, . 
and other felspars. Its chemical formula may be stated 
as AlSi-f 2H or Al^Si^+GH. Occasionally kaolin is the 
result of the decomposition of whole rock masses (granite 
of St. Stephen's in Cornwall, gneiss of St. Yrieux, near 
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Idmoges, granulite near Passan). It occurs only in primary 
formations. On the other hand, the clays (which, in a che- 
mical point of view, may be called impure kaolin) always 
occnr in secondary formations. 

More or less allied to kaolin are the following minerals, 
all of whose composition is, however, more or less indefi- 
nite, viz. litlwmarge^ myelin^ halloysite, bole or boltut, roch- 
soapy and agalmatoUte. These sometimes occnr as separate 
independent mineral deposits, but principally are found filling 
cavities and nests in various rocks, in which latter case they 
are to be regarded as products of exfiltration from those rocks. 
Chemically they are all hydrous aluminous silicates, and in 
appearance may easily be mistaken for soapstone, talc, &c, 

Leucite and NepJieline Group. 

The minerals of this group, which in many respects are 
closely allied to the felspars, are without doubt of contem- 
poraneous origin with the volcanic (or plutonic) rocks, in 
which they occur as essential constituents. They are, there- 
fore, almost always, if not always, igneous products. We 
do not, however, mean to dispute the possibility of some 
having arisen by wet process. The most questionable of all 
in respect of origin is probably lapis lazuli. 

10. Sodalite. — Monometric in dodecahedrons ; cleavage, 
accordingly, also massive. Fracture conchoidal to uneven. 
H. = 5*5 — 6. S.G. =2*26. Colour yellowish, greenish- 
white, greenish-grey, and blue. Lustre on crystal sur- 
faces vitreous ; on fracture surfaces resinous. Translucent. 
Cp. = Na^Si + SAISi+NaCl. Bp. fuses, with more or less 
difficulty, to a colourless glass, sometimes with intumescence. 
Gelatinises with muriatic and nitric acids. Sodalite is an 
essential constituent of miascite, and an accessory in other 
igneous rocks (dolerite at the Kaiserstuhl). 
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11. Lapis lazuli {ultramarine), — Monometric in dodeca- 
hedrons ; cleavage accordingly, usually massive. H. = 6'5. 
S. G. = 2*4. Colour azure-blue. Lustre glassy, resinous. 
Translucent at the edges to opaque. Cp. a silicate of Al 
with Na and Ca, containing also NaS. Bp. loses its co- 
lour and fases to a whit-e vesicular glass. Gelatinises with 
muriatic acid, and evolves HS. Lapis lazuli is found as an 
accessory in granite, limestone, and dolomite. 

12. Hauyne. — ^Monometric in dodecahedrons ; cleavage, ac- 
cordingly, usually in crystalline grains. H.= 5*6. S. G. 
= 2*4 — ^2*5. Colour blue, rarely green or red. Lustre vi- 
treous to resinous; semi-transparent to translucent. Cp.= 
Na3Si + 3AlSi+2CaS. Bp. decrepitates violently, and fuses 
to a blue-green vesicular glass. Grelatinises with muriatic 
acid. It occurs in single crystals imbedded in the lavas of 
adive volcanoes (Volturara, near Melfi), or in the basaltic 
lavas of extinct volcanoes (Niedermendig, on the Rhine), in 
which latter it is characteristic as an accessory mineral, and 
occasionally occurs in such quantity as to have given rise to 
the name of Hauynophyre for those rocks. 

Nosean is very similar to haiiyne in its mineralogical 
character and geological habitat, usually yellowish-grey or 
greyish-white. In Brava, one of the Cape Verde Islands, 
there occurs a porphyry rock, consisting of very numerous 
small crystals of nosean in a felsitic mass. Cp. = Na^Si -|- 
3AlSi+NaS. 

13. LeVfCUe, — ^Monometric, only known in trapezohedrons 
(embedded). Cleavage cubic, imperfect. Fracture con- 
choidal. H. = 5*5 — 6. S. G. = 2'48. Colour greyish or 
reddish- white, also ashen-grey. Lustre vitreous, in fracture 
resiaous. Semi-transparent to translucent only at the edges ; 
brittle. Cp. = K^Si^ + SAlS ^. Bp. unchanged; with cobalt 
solution coloured a beautiful blue; with borax melts to a 
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clear glass, delatinises with muriatic acid. Lencite is a 
frequent and very characteristic constituent of recent ig- 
neous rocks, in which it appears to some extent to be a sub- 
stitute for felspar. It is especially firequent in basaltic lavas 
(leucitophyre), in which it always appears porphyritically i 
imbedded. In the older rocks leucite is unknown. | 

14. Nepheline (Da/vyne, ElceoUte). — Hexagonal. Crystals 
with imperfect basal and prismatic cleavage, or massive. 
Fracture conchoidal to uneven. H.= 5*5 — 6. S. G. =2*5 
— ^2*64. Colourless, white and usually crystallised (nephe- 
line), or green, red, brown, and then massive (elsBolite). 
Lustre on crystal surfaces vitreous ; on fracture surfaces 
pre-eminently resinous. Transparent to translucent at the 
edges. Cp. = (N"aK)2Si + 2^Si = 44Si + 33A1 + 16Na + 5K 
(with small quantities of Fe and Ca). Davyne, which ia 
very similar, both chemically and mineralogically, contains, 
in addition to the above, some CI and C. Bp. nepheline ftises 
with difficulty, and elsBolite readily to a vesicular glass. 
Slowly dissolved in borax and phosphor-salt. The fused 
edges are coloured blue in cobalt solution. Gelatinises with 
muriatic acid. It occurs in geodic cavities of lavas, and as 
an accessory constituent of dolerite and basalt. In these 
rocks it sometimes forms a complete substitute for the fel- 
spar, producing nepheline rock. Finally it appears as an- 
essential constituent of some of the older plutonic rocks 
(miascite, zirconsyenite). In dolerite it may be recognised 
by its forming short thick columns, whilst the apatite, which, 
is associated with it in those rocks, assumes the form of 
acicular hexagonal columns. 

(6) AUGITE SECTION. 

15. Hornblende {AmpMbole) , — Monoclinic. Crystallised or 
massive, in stalklike or granular aggregates. Cleavage pris- 



LEUCITE GROUP — ^AUGITE. 17 

matic, very perfect ; in other directions imperfect. Fracture 
nneven. H. = 5 — 6 . S . G. = 2 • 9 — 3 '4. Colour passing from 
white through various shades of green and brown to black. 
Streak either colourless or lighter than the colour of the 
mineral. Lustre vitreous, on cleavage surfaces mother-of- 
pearl; the fibrous varieties silky. All degrees of trans- 
parency to the opaque. Cp. variable. We may give as a 
normal formula, R^Si^H-RSi, in which R = Mg, Ca, and Fe, 
and Si is sometimes partially replaced by Al. Bp. these 
minerals usually fuse, with intumescence, to a grey, greenish, 
or black glass, and the more readily the more iron they con- 
tani. The varieties richest in iron are partially decomposed 
by muriatic acid ; other varieties are little affected by that 
acid, 
(a) TreTnolite (Grarn/matite, Gala/mite). — Of light colour, 
semi-translucent. Iron not an essential ingredient. 
Cp. = Mg3S> + CaSi=60Si + 27Mg + 12Ca. UsuaUy 
imbedded in granular limestones and dolomites, in the 
form of long columnar crystals, or long stalklike or 
fibrous masses. 
(6) Actinolite (StrahUtem, Glassy Actmolite), — Colour green. 
. Cp. like tremolite. Occurs as an accessory in talc- 
schist, chlorite-schist, &c. also as an independent rock 
(actinohte-schist) . 
(c) HomhleTide (proper). — Colour dark-green or black; 
opaque. Cp. rich in iron and alumina. Forms an 
independent rock of itself, or occurs as an essential 
constituent of many compound rocks (syenite, diorite, 
many kinds of gneiss and porphyry). Occurs in the 
form of very perfect brownish-black crystals, imbedded 
in basaltic and trachytic rocks. A variety of the 
mineral is termed gamsigradite, and forms an essential 

constituent of the rock timazite. 
O 
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(d) TJralite has the same cleavage, structure, and composition 

as hornblende, but the exterior form of augite. dystab 
of this mineral occur in many greenstones (nralite- 
porphyries). — (Predazzo.) 

(e) Ashestus and amianthtis are fibrous varieties of tremoHte 

and actinolite. In the variety known as Mountadn 
leather the fibres are closely interlaced, or woven like 
felt. These minerals fill cavities and clefts in lime- 
stone and serpentine. 
(/) Nejphrite and Jade may be here added. They consist of 
a compact white or Hght-green translucent mass, with 
splintery fracture. Cp. very variable, sometimes that 
of tremolite. It is not a rigidly-defined mineral; 
forms independent layers as deposits between talcose 
rocks (in Turkey, New Zealand, &c.). 
16. Pyroxene (Augite). — Monoclinic. In crystals imbedded 
or attached, or in stalklike, scaly, or granular masses. 
Cleavage prismatic, but usually less perfect than hornblende. 
Fracture conchoidal to uneven. H.=5 — 6. S.G. = 3*2 — 3*5. 
Rarely colourless. Colour usually grey, green, or black. Lustre 
vitreous, sometimes mother-of-pearl. All degrees of trans- 
parency. Cp.=E,^Si^, but very variable. Si partly replaced 
by Al ; E,=Ca, Mg, Fe, Mn. Bp. the pyroxenes fuse (some 
quietly, others with some effervescence) to a white, grey, 
green, or black glass. Usually they are with difl&culty re- 
ducible by microcosmic salt ; those that contain Al almost not 
at all. Almost all exhibit the reaction for iron, the white 
and light-coloured varieties manganese. Imperfectly decom- 
posed by acids. The following mineralogical varieties are 
distinguished : — 

(a) Diopside. — Light-coloured, transparent and translucent 
varieties, and 

(h) Salite. — Green, translucent only at the edges ; usually 



AUGITE SECTION. 19 

foliated. This and the last are without mnch geological 
importance. A sahlite, termed malakoUtey is however 
found separately imbedded in the granular limestone. 

(c) Auyite. — Green to black, opaque. Occurs as an essential 

ingredient in basalt, dolerite, diabase, and many lavas. 
Frequently in the form of perfect crystals porphyriti- 
cally imbedded. Also found in meteoric stones. 

(d) Omphazite. — Grass-green, always accompanied by garnet, 

and together with it forming eklogite. 

(e) Hypersthene (PauUte). — Reddish-brown, greenish-black, 

or black, with metallic mother-of-pearl lustre on the 
faces of most perfect cleavage, and sometimies a change 
of colours showing a copper-red tinge. Lustre other- 
wise vitreous or resinous. In thin lamellsB translucent. 
Cp. very poor in lime, rich in iron and manganese. 
Hypersthene is an essential constituent of the rock 
hypersthenite (Penig in Saxony, Isle of Skye, Southern 
Tyrol). Otherwise it is usually an accessory, and is 
especially frequent in gabbro. 

Appendix to Pyroxene. 
Biallage (^Smaragdite), which is an essential consti- 
tuent of many gabbro rocks, is only a peculiar variety 
of pyroxene or hornblende, or perhaps a mixture of 
both. 
The following are hydrous products of the decomposition of 
pyroxene : — 

Schillerspar. — An essential constituent of schiller rock 
(Baste, in the Harz), accessory in serpentine. 

Palagonite. — The principal ingredient of the tufa of 
that name (Sicily, Nassau). 

Green Earth. — Frequent in vesicular cavities of 
amygdaloids and in basaltic tufas. 
c 2 
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The distinctioii between hornblende and pyroxene is ex- 
tremely important lithologieally, but is often attended with 
considerable difl&culty. Some assistance may be derived from 
the following remarks : — 

(a) As to Grystallographic Differences. — Only recognisable in 
cases of granular texture, where the crystals are tolerably 
perfect. One of the most essential and best-marked 
differences consists in the different angles of the 
cleayage prisms of the two minerals (and those are 
usually identical with the angles of the exterior faces 
of the crystal.) In hornblende the larger angle of the 
prism is 124° 30' (giving a complement of 65° 30') ; 
in pyroxene the angles are 87° 5' to 92° 55'. 

(/3) Differences of Paragenesis. — ^Rocks containing free quartz, 
felspars rich in silica (such as orthoclase and albite), 
or potash-mica as essential constituents, seldoia 
likewise contain augitic noinerals, but if the latter 
occur, they are almost invariably hornblende, and not 
pyroxene. In pyroxenic rocks, quartz especially ifl 
very rarely found, and if present is only accessory 
(eklogite, hypersthenite). On the other hand, labra- 
dorite and magnesian micas are very frequent in such 
rocks, though not exclusively there found. 

Pistacite and pyrites are more frequent accessories 
in homblendic than pyroxenic rocks. The pistacite i» 
found adhering to the surfaces of clefts, or in geodic 
cavities, and would appear in most cases to be a pro- 
duct of the decomposition of amphibolite. 

Leucite and olivine are characteristic as accessory 
minerals in pyroxenic rocks. 

As a very general rule, we may characterise horn- 
blende as the constituent of the plutonic, pyroxene as 
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tliat of the volcanic igneous rocks. Nevertheless, 
sometrmes botk are found together in the same rock 
(basalt, omphacite, trachyte of Etna). In this latter 
case the pyroxene is the older formation of the two, 
ie, it has cooled and become solid more rapidly than 
the hornblende, 
(y) The chemical differences between pyroxene and hornblende 
are not marked. It would appear as if one or the other 
might have resulted from the same identical mass ac- 
cording to the conditions under which it cooled and 
solidified. The origin both of hornblende and of 
pyroxene may be of various kinds. 

The possibility of their formation by wet process 
during the development or the transmutation of a 
rock's mass has been proved by Daubr^e, who actually 
produced diopside by subjecting glass to the influence 
of the thermal waters of Plombieres. 

Many of the crystals which are found disseminated 
in limestone rocks would appear to be the result of 
metamorphosis (Pargas, Tyrol). 

Again, both these minerals may be products of sub- 
limation (Elie de Beaumont, Sacchi), or they may be 
simple products of igneous action, since we find in the 
sla^ of smelting furnaces products of precisely similar 
form and composition. 
17. Spodmnene (Trvphane). — Monoclinic, isomorphous with 
pyroxene; crystallised or massive in broad fibrous or scaly 
masses. Cleavage orthodiagonal and prismatic. Fracture 
uneven. H.=6*5 — 7 S.G.=3'1 — 32. Lustre vitreous, with 
mother-of-pearl lustre on the cleavage surfaces. Colour 
greenish-grey to apple-green. Translucent, but frequently 
only at the edges. Cp. = Li3Si2 +4AlSi2 frequently with some 
Na, K, or Ca. Bp. intumescent ; colours the flame red, but 
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weakly and transitorily. Fuses easily to a clear glass. When 
mixed with Ca F and KS^, it gives a pnrple-red flame. Is 
not affected by acids. Spodnmene is fonnd imbedded in gra- 
nite (Uto in Sweden; Killiney Bay, Ireland; Peterhead, 
Scotland). It also occurs in the quartz veins of mica-schist 
( Massachusetts ) . 

KilUnite is a product of the weathering or decomposition of 
spodumene. 

(c) MICA SECTION. 

This is a section of minerals distinguished by their pre- 
eminent foliation (basal cleavage) to a degree not known in any 
other mineral. As regards origin, they are in part purely 
plutonic, being found even in the most recent igneous rocks. In 
part however, they are products of wet processes, and we find 
pseudomorphs after felspar, tourmaline, and other minerals. 

18- Potash-Mica (^Phengite, Muscovite, Binaxial Mica). — 
Trimetric with monoclinic aspect. The crystals usually appear 
as rhombic or hexagonal plates. Sectile, and its thin laminsa 
elastic. H.=2— 2-5. S.G.=275— SI. Colourless, frequently 
white, and various shades of yellow, green, or red. Light 
colours are characteristic. Metallic mother-of-pearl lustre. 
Transparent to translucent. Optically very distinctly binaxial ; 
the angle of the optical axes =45° — 75°. Cp. variable — average 
formula=mAlSi -I- KSi ; in which formula m=2, 3 or 4. A 
portion of the Al may be replaced by Fe, Mn, Cr ; a portion 
of the K by Fe and Mn. Strange to say no Ca is to be found 
in any species of mica. The K is usually =8 — 9 per cent. 
There is usually from 1 — 5 per cent, of water and some fluorine. 

Bp. fiises, with more or less readiness, to a cloudy glass or 
a white enamel. Not affected by muriatic or sulphuric acid. 

Potash-mica is an essential ingredient of many rocks, and 
especially characteristic for the older plutonic or metamor- 
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phic rocks, thus for many kinds of granite, gneiss, and mica- 
Bcliist. 

Damwurite^ Margarodite, and other similar minerals of very- 
limited frequency, are, in part at least, products of transmu- 
tation of potash-mica. They occasion a transition to the 
chlorites. The same may be said of Sericite, a green mineral, 
of silky lustre, which is said to form the base of several crys- 
talline schists and clay-slates ; but it is not yet free from 
doubt whether or not sericite is entitled to be regarded as an 
independent mineral. List gives the following account of 
sericite — H. =1 . S. G. =2*89. Foliated in one direction ; planes 
Tindulated. Lustre silky. Colour greenish or yellowish- 
white. 

19. lAthid-Mica (LepidoUte, IMhionite). — Trimetric, corre- 
sponds with potash-mica in many crystallographic and phy- 
sical properties, except that its colour is frequently red. 
H.=2-6— 4. S.G.=2-84— 3. The angle of the optical axes 
=70°— 78°. 

Cp. very variable, may be generally expressed by the 
formula mRSi+riRSi; m — n-=\', or m=2, 7i=3 ; or somo- 
tdmes m=3, 7i=2. Again, a part of the bases, as well as of the 
acids, are compounds of fluorine, not oxygen. The content of 
Hthia is usually 2 — 6 per cent., and of fluorine 2 — 10. Bp. 
fiises very readily, with efflorescence to a colourless, brown, 
or black glass. The flame is coloured purple-red ; with acids 
it is imperfectly soluble, but completely decomposed. 

lithia-mica is an essential ingredient of Greisen, very fre- 
quent in some kinds of granite, and in metalliferous veins, 
especially those of tin. In all these cases this mineral is 
usually associated with other fluorides, such as topaz, tourma- 
line, apatite, &c. 

20. Magnesia-Mica {Biotite, Hexagonal or Uniaxial Mica). 
—The name of uniaxial mica is now found to be incorrect,^ as 
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all magnesia-mica is binaxial, if only slightly. The angle of 
the two axes is for the most part less than 5°. Trimetric (?) 
crystals, usually tabular ; usually sectile, and in thin plates, 
elastic. H.=2-6— 3. S.G. -- 27— 31. Green, brown, black, in 
general colours usually dark. Metallic mother-of-pearl lustre. 
Translucent to opaque. Cp. very variable; chiefly =AlSi+ 
R^Si, in which Al is in part replaced by Fe, and Rrr-Mg, K, 
Fe. The Mg=9 — 26 per cent. Some fluorine, chlorine, and 
water likewise enter into the composition. Bp. :^es with I 
greater difficulty than the before-mentioned species of mica, to ! 
a grey or black glass. It is little attacked by muriatic acid ; 
on the other hand, unlike potash-mica, it is completely de- 
composed by concentrated sulphuric acid, leaving a white 
residue of silica. 

The geological area of biotite is far more extensive than 
that of potash-mica, for it is not only found in the older 
plutonic rocks and crystalline schists (granite, porphyry, 
gneiss), but also in more recent and the most recent volcanic 
products (trachyte, basalt, and the corresponding lavas). 

Buhellan and Phlogopite are minerals closely alHed to mag- 
nesia-mica, of which rubeUan is perhaps only a transformed 
product. 

(d) HYDROUS MAGNESIAN SILICATES (TALC SECTION). 

These have many characteristics and properties in common. 
Some minerals which contain Fe instead of Mg belong to the 
same group. We may make three principal divisions : the 
Chlorites (21), the Serpentines (22—26), and the Talcs (26,27). 
The chlorites under certain circumstances may be regarded as 
hydrous mica ; the serpentines and talcs appear chiefly to be 
products of metamorphosis, perhaps occasioned by percolating 
water. The most important species are : — 

21. Chlorite {Bdfpidolite) , — Rhombohedral ; the crystals 
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gronped in the form of comb or botryoidal shape, usually in 
massive, foliated, or scaly aggregates. Cleavage basal, very 
perfect; sectile. Its thin lamellsB flexible, but not elastic. 
H.=l — 1*5. S.G.=2*65 to 2*85. Colour green, in various 
shades. Its crystals are frequently translucent, and of red colour 
when regarded in the direction of the principal axis. Streak 
greenish-grey. Lustre mother-of-pearl. Thin laminsB trans- 
parent to translucent. Cp. =3It3Si +WSi + 12H=30— 31 Si -h 
14—19 ^+32—37 Mg+5— 6 Fe. In matrass it gives out 
water. Bp. :^es on charcoal ; with borax it melts and shows 
the reaction of iron. Thin laminad are decomposed by concen- 
( rated sulphuric acid. 

Chlorite forms the most important and essential elements 
of chlorite-schist, also of chlorite mica-schist, both frequent in 
the Alps. In the protogine-granite and protogine-gneiss it is 
a substitute for mica. It is also a characteristic constituent 
of diabase, and many kinds of syenite-porphyry (Altenberg in 
Saxony). 

Delessite is a mineral closely allied to chlorite, but richer 
in iron. It is frequent in vesicular cavities of melaphyres. 

Penmne, Bd^Molite, and GUnochhre are minerals resembling 
chlorite, but not yet accurately defined. They are of frequent 
occurrence in chloritic schists as essential ingredients. 

Some of the minerals which we have already noticed as 
having arisen from transmutation of augite, such as schiUer 
spar, green earth, &c., are externally very similar to chlorite. 

22. Sajponite (Soapstone). — Massive, sectile, and very soft. 
S.G.=2-26. Colour white or light grey, yellow or reddish 
brown, dull, with lustrous streak. Greasy feel, not adhesive 
to the tongue. Cp.=2Mg3Si2+Al Si-|-10H. In the matrass 
it gives out water and becomes black. Thin laminae melt 
with difficulty at the edges. It is readily and completely 
decomposed yrith sulphuric acid. 
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Saponite occurs in fissures of serpentine rock (Lizard's 
Point, Cornwall). 

23. Serpentine, — Usnally compact, sometimes grannlar or 
fibrous ; in the latter case it is called chrysolite or serpentine- 
asbestus. Fracture conchoidal, flat, or uneven, splintery, 
fine-grained, or of twisted fibres. H.=3 — 4, rarely 5 ; S.G.= 
2*2 — 2*6. Bright coloured and translucent varieties are termed 
precious serpentines to distinguish them from the ordinary 
serpentine, which is usually of dark colour — green, red, 
or brown. Cp.=the general formula Mg^Si*H"=43 Si-h 
42 Mg-l-12 H, with a trifling percentage of Al and Fe. In 
matrass gives out water and becomes darker in colour. Bp. 
almost inftisible, exhibits the reaction of iron ; easily soluble 
in borax, in microcosmic salt with effervescence. When 
powdered, soluble in muriatic acid, and still more readily 
in sulphuric acid. 

Serpentine is found disseminated in rocks, usually massive, 
sometimes in broken masses, plates, and veins. It likewise 
forms a rock of itself. 

The right of serpentine to the character of an independent 
mineral is open to doubt, as it frequently appears to be only 
a pseudomorph of other minerals, e. g. hornblende, augite, 
garnet, spinel, &c. The rock serpentine also appears to bo 
usually, if not always, a product of transmutation derived 
from other rocks, such as granite, gneiss, gabbro, chlorite- 
schist, &c. ; and only to resemble the mineral, not to con- 
stitute, strictly speaking, an aggregate of it. (Vide post, 
p. 314.) 

24. OUrelite. — In small thin hexagonal or rounded laminsB ; 
cleavage parallel to the lateral faces. Hard ; is capable of 
scratching glass. S. G. =4*4. Greenish grey to blackish-green. 
Lustre vitreous; translucent. Cp. = (Fe,Mn)3Si*-f.2AlSi-h 
3H. In matrass gives out water. Bp. ftises with difficulty 



TALC SECTION. 27 

at the edges to a black magnetic globule ; witb borax, iron 
reaction ; with soda, that of manganese. 

Ottrelite is fonnd disseminated in various kinds of clay- 
slate, which have received the name of Ottrelite Slate (Lux- 
embourg). 

25. Glcmconite. — Small, round, dark-green grains, which 
when recently exposed are frequently very soft, but in time 
assume about the hardness of gypsum. S.G.=2-29 — 2*35. 
Cp.=a hydrous siHcate of Fe and K (5 — 10 per cent. K), 
moreover Al and small quantities of Ca and Mg. 

Grlauconite is found in the form of grains or nuclei of 
minute fossils (Foraminifera) imbedded in clay-marl and 
sandstone rocks. Very characteristic for rocks of the Chalk 
formation (Upper Greensand, Isle of Wight; Chalk of Calais). 
Occurs also in other sedimentary formations (Muschelkalk of 
Berlin ; Calcaire grossier, Paris ; Browncoal Sandstone of 
the North-eastern Alps). 

26. Talc, — Trimetric (?) ; rarely crystallised, usually mas- 
sive, in granular, foliated or scaly aggregates. Cleavage basal, 
very perfect. Very sectHe with greasy feel. Thin laminsB 
flexible, but not elastic. H.== 1—1-5. S.G. = 2-56— 28. 
Colour white, grey, and green, in various shades. Lustre 
mother-of-pearl, or resinous. Translucent to opaque. Opti- 
cally binaxial. Cp. = Mg6Si5H-2H=62 Si-f-32-9 Mg+4-9 H. 
The Mg is partly replaced by Fe. Bp. shines brightly and 
loses its colour ; exfoHates ; becomes hard ; does not fdse. 
If heated with cobalt solution, becomes pale-red. Is not at- 
tacked by acids. 

Varieties especially noticeable are : — 

(a) Foliated Talc. — The purest crystalline talc. 
(h) Steatite. — ^Amorphous. Frequently pseudomorphous after 
other minerals. Decomposes with boiling sulphuric acid. 
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Talc is a very widely difiiised mineral. Talc-schist and 
many beds of rock in tlie regions of crystalline schists con- 
sist almost exclusively of this mineral. Talc-mica-schist, 
protogine, and some sandstones contain it as an essential 
ingredient. 

27. Meerschawm, — Massive and in nodnles. Fracture flat 
conchoidal, and fine-grained, earthy ; sectile. H. = 2 — ^2*5. 
S.G.=0'8 — 1. Colour yellowish or greyish-white, dull. 
Streak little lustrous. Opaque. Greasy feel ; adhering 
strongly to the tongue. Cp. (probably) MgSi+H, usually 
with some C. Bp. contracts, becomes hard, and ^es at the 
edges to a white enamel. 

Forms separate beds, which are the result of a process of 
transmutation, probably of Magnesite. 

(e) ZEOLrrE section (non-magnesian hydrous silicates.) 

The minerals which are grouped under the name of Zeolites 
are an extensive family of the silicates, having both as to che- 
mical composition and crystallographic form much in common 
with the Felspar group, as well as with the Augite and the An- 
dalusite groups — ^but their chief distinguishing feature is that 
they invariably contain a large proportion of water, varying 
from 4 — ^22 per cent. 

The following properties are common to all zeolites. Before 
the blowpipe they froth up and melt to a glass, which 
owing to the many bubbles never becomes very clear or trans- 
parent. They are all decomposed by muriatic acid, under 
which process the Si is precipitated to a gelatinous or slimy 
mass. Again, they all have a colourless streak, which circum- 
stance is owing to the small proportion of colouring oxides 
(not above 2 per cent.) which they contain. 

The geological character of the zeolites is very uniform. 
They are principally found in the volcanic rocks. They are 
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either fonnd in tlie vesicular cavities, veins and fissures of 
those rocks in the form of crystals and foliated and radiated 
masses, or they sometimes form an essential ingredient of the 
rock's mass (in basalt, phonolite). In either case they are 
not original products, i. e. not of contemporaneous formation 
with the rock in which they are found ; they are products of 
exfiltration or of the internal decomposition and transmutation 
of the mother rock. It is interesting to notice with reference 
to those zeolites which are the products of what we have 
termed exfiltration, that Daubree has shown them not to be 
simple deposits of substances held in. solution by the per- 
colated water to which they owe their origin, but rather 
products of the chemical action of that water at a high 
degree of temperature on a portion of the rock's mass which 
Lad already oozed out ; and thus that the same riU of water 
percolatrng through diflferent rocks will produce different 
species of zeolite. As regards zeolite forming part of the 
composition of the rock's mass, this is so frequently the case 
in basalt, that it has recently been put forth as a universal 
rule that no r*wk can be a genuine basalt without zeolite. 
^Nevertheless we think this assertion too general, and it is 
possible that nepheline, which enters largely into the com- 
position of basalts, may by reason of its great solubility 
in muriatic acid, have been sometimes mistaken for zeolite. 
Zeolites are seldom found in metalliferous veins, or in the 
fissures of the older plutonic rocks. 

The most convenient arrangement of the individual species 
for our present purpose will be the crystaUographic. We 
begin with — 

The Monometric Zeolites, 

28. Analdme. — ^Usually in trapezohedrons ; more rarely a 
combination of these with the cube. The crystals usually 
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found grouped togetlier in geodic cavities. Sometames mas- 
sive, granular. Cleavage cubal, imperfect. Fracture uneven. 
H.=5'5. S.G.=.2*1. Colourless, white to grey, or flesli-red. 
Lustre vitreous. Transparent to translucent at the edges 
only. Cp. =Na3Sia + SAlSi^ + 6H. 

Analcime is found in geodic cavities of basaltic rocks 
(Giant's Causeway, Ireland ; Dumbartonshire ; Seisser Alp) ; 
in metalliferous veins (Kongsberg ; Andreasberg in the Harz) ; 
and as a recent formation at the mouth of springs (Plom- 
bieres). It is especially frequent in the old dolomitic lavas of 
the Cyclopean Islands near Sicily, and- those have been named 
Analcymite accordingly. The observer must avoid confound- 
ing the crystals of analcime with those of leucite. 

29. Apophijllite (Ichthyophthalmite, Albine). — Crystals py- 
ramidal, columnar, or tabular. Usually grouped togrether in 
geodes ; occasionally in scaly aggregates. Cleavage basal, per- 
fect. Fracture uneven. H.=4-5— 5. S.G.=2-33. Colour- 
less, or yellow, greyish, or reddish- white. Lustre vitreous, 
on the cleavage surfaces mother-of-pearl. Transparent to 
translucent at the edges. Cp. = 8CaSi -f KSi^ + 16H, with 
sometimes 1 per cent, of fluorine. 

Apophyllite is found in the geodic cavities of volcanic rocks 
(Iceland, Faroe, Fassa Thai) in metalliferous veins (at Utoe in 
Sweden, at Andreasberg, and in the Bannat associated with 
woUastonite) . In the Tertiary limestone near intruded basaltic 
rocks at Puy de la Piquette, in Auvergne. Finally as a recent 
deposit from spring water at Plombieres. 

Hexagonal Zeolites, 

30. Chahasite (PhacoUte). — Rhombohedral. Crystals ofben 
of twin growth. Cleavage rhombohedral. Fracture uneven. 
H.=4— 4-5 S.G. =2-08— 2-17. Colourless, white, or red- 
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disli. Lustre vitreous. Transparent to translucent. Cp.=. 
(Ca,Na,K ySi^ + SAlSi^ 4 18H. 

It occurs in geodes of volcanic rocks (Faroe, Fassa Thai, 
Giant's Causeway) ; in syenite (MassacliuBetts) ; ^in gneiss 
(Connecticut). 

Trvmstric Zeolites. 

31. Prehnite. — Crystals tabular or short columnar. Grouped 
in geodes in fan-shaped or spheroidal aggregates. Cleavage . 
basal, perfect. H. = 6— 67. S.G. =2*8— 2*95. Rarely colour- 
less, usually green. Lustre vitreous ; on the cleavage surfaces, 
mother-of-pearl lustre. Transparent to translucent at edges 
only. Cp. = Ca^Si + AlSi + H, frequently with some Fe. 

Occurs in basaltic amygdaloids (Fassa Thai) ; in the trap 
rocks of Dumbarton. 

32. Thomsonite (Gomjptordte) , — Li geodes, the crystals in 
sheaves or fan-shaped groups, or in fibrous aggregates. Cleav- 
age, according to the brachy- and macro-diagonal, almost 
equally perfect. Fracture uneven. H. = 5 — 6*5. S.G.=2*35 
— 2*38. Colour white. Lustre vitreous, sometimes mother-of- 
pearl. Translucent, but usually clouded. Cp. = (Ca,Na)^Si+ 
3AlSi^-7H. 

Thomsonite occurs in amygdaloids at Kilpatrick, in Dum- 
bartonshire, and Lochwinnock, in Renfrewshire, in the 
vesicular cavities of Vesuvian lavas, in the analcimite and 
phonoHte of Bohemia. 

33. Natrolite (Soda-Mesotype) . — Crystals usually thin, co- 
lumnar, acicular, or capillary. Li geodes, also in bunches or 
reniform masses. Cleavage prismatic, perfect. H.=6 — 5*5. 
S.G..=2*17 — 2*24. Colourless, greyish-yellow or reddish- 
white. Lustre vitreous, occasionally mother-of-pearl. Trans- 
lucent, or only at the edges. Cp. = NaSi r AlSi + 2H, occa- 
sionally a small quantity of Fe. 
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Natrolite occtirs in vesicular cavities of basaltic and phono- 
lite rocks (Kilmalcolm in Renfi^wshire, Aussig in Bohemia). 

34. Phillipdte (LmsSarTnotome), — Colnmnar crystals, 
sometimes long and sometimes short, frequently tynn, growth 
cross-shaped. Cleavage brachy- and macro-diagonal. BL= 
4 — is' 5, S.G.=2'2. Colourless, white, yellowish or reddish 
Lustre vitreous. Transparent to translucent at the edges 
only. Cp.=(Ca,K)Si+AlSi2H-5H. 

Phillipsite is found in the basaltic lavas of Capo di Bove 
near Rome, Couniy Antrim, in Ireland, &c. 

35. Harmotome (Baryt-harmotome), — Columnar crystals 
almost always twins, shaped in form of a cross. Cleav- 
age imperfect, the brachydiagonal more perfect than the 
macrodiagonal. H.=4'5. S.G.=2'39 — 2*5. Colourless, or 
different shades of white. Lustre vitreous, little translncent. 
Cp.=BaSiH-^Si2 + 5H, with some K and Ca. 

Harmotome occurs in the metalliferous veins of Andreas- 
berg, in nodules of agate from the melaphyre of Oberstein, 
Zweibrucken, under like circumstances in Dumbartonshire, 
where its crystals are simple. 

Monoclmic Zeolites. 

36. Lav/montite (Laumonite). — ^The crystals usually in colum- 
nar combinations, also in granular and fibrous masses. Cleav- 
age prismatic, perfect ; very friable and brittle. H. = 3'5 — 4. 
S.G.=2*29 — ^2*36. Colour yellowish, or greyish- white, also 
reddish. Lustre vitreous, on the cleavage surfaces mother-of- 
pearl. Transparent to translucent on the edges only. Cp.= 
Ca3Si2H-3AlSi2+12H. It loses a portion of its water very 
quickly on exposure, and then falls to powder. 

Laumontite is found in vesicular cavities of basaltic rocks 
(Dumbartonshire, Faroe), in clefts and fissures of syenite 
(Dresden), or quartz-porphyry (Botzen). 
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37. Scolecite (Lvme-Mesotype) . — Crystals long or short prisms 
or acicular ; also massive, radiated, and fibrous. Cleavage 
prismatic, tolerably perfect. H. = 6 — 5*5. S.G.^2'2 — 2*7. 
Colourless, greyisb, yellowisb, or reddisb-white. Lustre 
vitreous, tbe fibrous clusters silky. Transparent to trans- 
lucent at tbe edges only. Cp. = CaSi + AlSi + 3H. 

Scolecite occurs in tbe vesicular cavities of basaltic rocks 
(Auvergne, Staffa), or in tbe fissures of tbe same rocks (Kil 
patrick bills). 

38. Heulandite {Foliated Zeolite^ SHlbite, in part). — Crystals 
usually tabular, rarely prismatic, eitber single or clustered in 
geodes, also massive, in radiated, foliated, or globular aggre- 
gates. Cleavage clinodiagonal, very perfect. H.=3'5 — 4. 
S.Gr.=2*2. Colourless, wbite, usually red to brown. Lustre 
vitreous, on tbe cleavage surfaces, motber-of-pearl. Transpa- 
rent to translucent at tbe edges only. Cp.=CaSi+ AlSi^ + 5H. 

Heulandite occurs frequently in tbe vesicular cavities of 
basaltic rocks (Faroe, Iceland, Skye, Fassa Valley) ; rare in 
metalliferous veins ( Andreasberg) . 

39. Stilhite (Desmime, Radiated Zeolite). — Its monocbnic 
cbaracter is questionable. Tbe crystals are broad prisms, 
frequently clustered into sbeaves or bundles ; also massive and 
fibrous aggregates. Cleavage bracbydiagonal, very perfect, 
macrodiagonal imperfect. H.=3'6 — 4. S.G. = 2*1 — 2*2. Co- 
lourless, wbite, grey, yellow, or red. Lustre vitreous, on tbe 
most perfect cleavage surfaces, motber-of-pearl lustre. Trans- 
lucent, perfect or only on tbe edges. Cp. - CaSi-h AlSi^ + 6H. 

Stilbite is a frequent inbabitant of vesicular cavities or 
fissures of volcanic rocks (Fassa-Tbal, Faroe, Iceland) also 
occurs in metalliferous veins (Andreasberg, Kongsberg). 
' 40. Smithsonite (Hydroris Silicate of Zinc, Galmey, in part) 
t may be added bere by way of appendix, altbougb geologically 
J it is very fiir removed from tbe zeolites, since cbemicaUy it 
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agrees with them in being a hydrous silicate free from 
magnesia. 

It crystallises trimetrically, hemimorph. The crystals are 
nsnally small, tabular, and prismatic, independent or in geodes, 
frequently grouped in fan-like, grape-hke, botryoidaJ, or reni- 
form clusters; also fine fibrous to felt-like varieties occur. 
Cleavage prismatic, very perfect, macro-domatic perfect. Frac- 
ture uneven. H.=4-5— 5. S.G. = 316— 3*9. Colourless, 
white and variously coloured (but always hght coloured). 
Lustre on crystal surfaces vitreous. Semi-transparent to 
opaque. Cp.=2Zn^Si+3H. When heated in matrass gives 
out water. Bp. decrepitates a little, shows green phospho- 
rescent light, but does not melt. Gelatinises with acid. 

Smithsonite takes no essential part in the composition of 
rocks, but both alone and with other zinc-ores and galena farms 
separate beds of ore of considerable extent. These ores are 
usually associated with dolomites and limestones (Baibl and 
Bleiberg in Carinthia, Aachen, Tamowitz in Silesia, Mendip 
hiUs). Smithsonite occurs in veins of lead-ore at Matlock in 
Derbyshire, and many other EngHsh localities. 

(/) ANDALUSITB SECTION. 

With respect to the minerals grouped under this head, 
we must remark that they are allied together more by 
their chemical and physical properties than their geological 
affinities. 

41. Andaludte (GhiastolHe, HoMspath), — Trimetric. The | 
crystals are usually combinations of the prism and base, hence 
columnar, attached, also imbedded; also in radiated, fibronB, 
and granular clusters. Cleavage prismatic, imperfect. Frac- 
ture uneven and splintery. H. -7*5. S.G.-3-1 — 3*2. Colour 
grey, greenish, or reddish- j:^i oy. Lustre vitreous, usually weak. 
Barely transparent, and in that case showing trichroism; 
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usually translncent, or translncent only at the edges. [The 
variety chiastohte fluctuates in hardness between 3 and 7*5. 
This difference is attributable to foreign substances contained 
in its crystals. These foreign substances are arranged in some 
sort synunetrically about the edges and axis so as to give a tes- 
selated appearance in the section. The crystals are mostly 
twins or fourfold.] Cp.-Al^Si^, sometimes Al^Si', usually 
with some Fe and Mn. Bp. infosible. When reduced to 
powder, ^es with difficulty in borax to a transparent colour- 
less glass ; with cobalt solution coloured blue. Not affected 
by acids. 

Andalusite occurs as an accessory in granite and crystalline 
schists (gneiss, mica-schist), Devonshire and Aberdeenshire. 
The variety chiastolite occurs exclusively in clay-slate, and 
usually in the neighbourhood of granites or other igneous 
rocks. It probably is the product of a metamorphosis result- 
ing from percolated water. 

42. Topaz. — Trimetric. Crystals sometimes hemimorphous, 
always prismatic. Single crystals attached or imbedded, or 
clusters incrusted in geodes ; also coarse or fine-grained 
masses. Cleavage basal, very perfect. Fracture conchoidal 
to uneven. H.=8. S.G.=3'4 — 3*6. Colourless and transpa- 
rent, but usually yellow, red, or blue. Lustre vitreous. Trans- 
parent to translucent at the edges only. Cp. = 6Al^Si*-|- 
(3AlF^H-2SiF3) shows reaction of fluorine. Bp. infusible, 
but soluble in microcosmic salt, leaving a skeleton of silica. 
Not affected by muriatic acid. With sulphuric acid, some 
hydrofluoric acid is formed. 

Pycnite is a fibrous variety of topaz. 

Topaz is an essential constituent of topaz-rock, an acc^sory 

of granite (imbedded, or incrusting geodic cavities) : Moume 

in Ireland, Mursinsk in Siberia, Greifenstein in Saxony. Very 

frequently associated with other minerals which contain fluo* 

D 2 
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rine, and witli beryl and tin ore. Also in separate localitieB, 
associated witli tlie like minerals (Cornwall, Saxonj). 

Althongli tlie topaz crystals which are found imbedded in 
granite appear to be of simultaneons formation with that rockf 
and therefore of plutonic origin, Danbr^e has succeeded in 
producing topaz by subjecting alumiaa to the action of fluoride 
of silicon. 

43. Staurotide (StauroUte). — Trimetric. Crystals always 
imbedded, prismatic, frequently cruciform. Cleavage brachy- 
diagonal, perfect. Fracture conchoidal to uneven. H. = 7 — 7*6. 
S.G.=3*5 — 3*7. Deep red to blackish-brown. Lustre vitre- 
ous. Translucent to opaque. Cp. variable =(AlFe)^Si, or 
R3Si2, or WSi^. Bp. inftisible. With difficulty soluble in 
borax and microcosmic salt. Kot aflected by muriatic acid. 

Staurotide occurs in association^ sometimes twin growth, 
with the next named species ; accessory in mica-schist and 
gneiss (Switzerland, Tyrol, Brittany). 

44. Kyanite (Bisthene^Rhoetizite), — ^Triclinic. Crystals usually 
long and broad-shaped (bladed), without terminal faces, fre- 
quently in twins ; imbedded singly or grouped in fibrous 
masses. Cleavage prismatic, very perfect, brittle. H.=6 — 7^2. 
S.G.=3*56 — 3*67. Colourless or common blue. Lustre vitre- 
ous, on the most perfect cleavage planes, mother-of-pearl. 
Transparent to translucent on the edges only. Cp.=A13Si^ 
with little Fe. Bp. infusible ; dark blue if heated with cobalt 
solution. Not affected by acids. 

Kyanite occurs as an accessory ingredient in granulite, also 
in gneiss and mica-schist similarly to staurotide. 

45. Lievrite (Ilvaite^Jenite). — Trimetric. Crystals long prisn[is. 
Crystals attached or incrusting geodic cavities ; also massive, 
usually in fibrous, rarely in granular aggregates. The crystals 
usually coated with brown iron-ochre. Cleavage indistinct. 
Fracture conchoidal to uneven. Brittle. H.=5'5 — 6. S.G.= 
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3*8 — 4*2. Colour brownisli to greenisli-black. Streak black. 
Lustre resinous. Opaque. Cp. =2Fe3Si + Ca^Si + IVSi. Bp. 
fusible to a black magnetic globule; with microcosmic salt 
shows the reaction of iron, and leaves a skeleton of silica. 
With muriatic acid gelatinises. 

Inevrite is found associated with pyroxene in subordinate 
masses in the mica-schist of Elba, also (according to Dana) in 
the granite of Predazzo in Tyrol. 

46. Toy/rmaline (Schorl). — ^Rhombohedral, eminently hemi- 
morphous. Crystals mostly columnar, imbedded or attached, 
also massive, fibrous, or granular aggregates. Cleavage rhom- 
bohedral, very imperfect. H. = 7 — 7*5. S.G. = 2*94— 3*3. 
Colourless, seldom transparent, most usually black, also brown, 
red, blue, green, <fcc. Lustre vitreous. Every degree of pellu- 
cidity fix)m transparent to opaque. Very eminently polar 
electric. Cp. = very various and compUcated. The following 
ingredients take part in its composition : — Si, B, P, F, K, Na, 
la, Ca, Mg, Pe, Mn, id, Pe, Mn. The oxygen ratio of all the 
bases in this compound (including boracic acid as a base) to 
the silica is constant, and is =4 : 3. Bp. very variable, in part 
fusible (in different degrees), in part intumescent, and in part 
not. All kinds of tourmaline, when mixed with fluor-spar and 
sulphate of potash, exhibit the reaction for boron. Not affected 
by muriatic acid. Sulphuric acid almost completely decomposes 
the powder of fused tourmaline after lengthened digestion. 

Tourmaline is of very frequent occurrence ; but is almost 
exclusively confined to the plutonic-igneous and the meta- 
morphic rocks. It is an essential constituent of schorl rock ; 
accessory in granite, granulite, mica-schist, topaz-rock, and it 
sometimes appears in such quantity in these rocks as to cause 
varieties to be specially named afber it. [See post.] It is 
unknown in augitic and volcanic rocks. In dolomite it ap- 
pears exceptionally (Capo Longo, south of St. Ootthard) ; also 
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in sandstone, bnt only in neiglibourliood of intruded plntonic 
rocks. 

The origin of tonrmaline is sometimes contemporaneons 
with tliat of the mother rock, sometimes it is a secondary 
product occasioned by metamorphism (percolation of fresh- 
water springs ?). It has not yet been artificially produced. 

Tourmaline is also known in pseudomorphs after felspar (in 
the granite of Trevalgan, Cornwall), and on the other hand 
pseudomorphs of mica, chlorite, and steatite after tourmaline, 
occur in many places. 

(g) GARNET SECTION. 

The affinity of the different minerals of this section to each 
other consists in their containing the like ratio of oxygen 
between the acids and bases. 

47. Chrysolite {OUvine, Peridot). — Trimetric. The crystals 
usually columnar and imbedded (chrysolite), but very often 
massive, in granular aggregates, and disseminated (olivine). 
Cleavage brachydiagonal, tolerably distinct. Fracture con- 
choidal. H.=6— 7. S.G.=3-3— 3*5. Lustre vitreous. Co- 
lour green, asparagus-green, olive-green, also yellow and 
brown. Transparent to translucent. (Chrysolite usually in- 
cludes the transparent crystals of paler colour, while ohvine, 
so called from the olive-green tint, is appUed to imbedded 
masses and grains of inferior colour and clearness. — Dana.) 
Cp. = (Mg,Fe)3Si, with some Mn, Ca, Ti, and H. Bp. only 
the varieties containing much iron are fusible. All varieties 
are easily decomposed by sulphuric acid. 

The most beautiful crystals of chrysolite are said to come 
from granitic rocks of Upper Egypt. Payalite, a variety very 
rich in iron, is found in granite of Moume Mountains. Other- 
wise this mineral is known as essential ingredient of the rock 
called euliflite. It is an accessory constituent of hypersthene 
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rock (Elfdalen) in talc-schist (Katlierinenbiirg). All these 
occurrences are insignificant compared with the abnndance 
and frequency in which both grains and crystals of olivine 
occur in basalts and layas. In basalt, olivine is almost an 
essential constituent. It is also found in meteoric stones. 

Olivine is, doubtless, usually a purely igneous product. K 
additional proof of this were wanted, it may be found in the 
crystals of an oHvine rich in iron which occur in the slags of 
smelting furnaces. 

A rock of Kew Zealand, which has been called Dtmite, 
consists of granular olivine. 

48. Beryl (Emerald, Smaragd). — Hexagonal. Crystals co- 
lumnar, either singly attached or imbedded, or cluBtered in 
geodes ; also fibrous aggregates. Cleavage basal, tolerably 
perfect. Fracture conchoidal to uneven. H. = 7*5 — 8. 
S.Gr.=2'68 — 2*73. Colourless, limpid, but usually green or 
blue. Lustre vitreous. Transparent to translucent at the 
edges only. Cp.=GSi'^H-Al8i2, with some Fe and Cr. Bp. 
fuses with difficulty at the edges to a clouded scoriated glass, 
completely soluble in microcosmic salt. Kot afiected by 
acids. 

Beryl occurs as an accessory in mica-schist (Salzburg), in 
granite (Moume Mountains, Bodenmais in Bavaria), in black 
limestone (Muzo in Columbia), and with tin-ore (Saxony). 

PhenahUe or Phenacite. — Cp. GSi. Rhombohedral crys- 
tals, and occurs under precisely similar conditions to beryl. 

49. Garnet — Monometric, in rhombic dodecahedrons or 
trapezohedrons or in combinations of both. Crystals singly 
attached or imbedded or clustered in geodes, also massive, 
in granular to compact aggregates. Cleavage indistinct, do- 
decahedric. Fracture conchoidal, or uneven and splintery. 
H.=6-6— -7-5. S.G.=3-15— 4-3. Seldom colourless, usually 
green, yellow, red, brown or black. Lustre vitreous to 
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resinous. Transparent, translncent, opaque. Cp. extremely 
manifold, so tliat six groups may be distinguislied of essen- 
tially different composition, passing over, however, one into 
the other. The common formula may be thus given : B,3gi_j_ 
RSi, in which formula R=(Ca, Fe, Mn, Mg), and li=(Al, 
Fe, Cr). Bp. ftises with considerable ease to a green, brown, 
or black glass, which is frequently magnetic. With phosphor- 
salt gives a siliceous skeleton, otherwise iron and manganese 
reaction. In raw state little affected by muriatic acid, but 
after fusion easily and completely decomposed by that acid, 
with a gelatinous precipitate of silica. 

Almandvne, Grossularite, Essonite, Gorrunvon or Aplome Garnet, 
Golophonite and Melanite are varieties chiefly distinguished by 
their colour and different degrees of transparency. 

Garnet occurs as an essential, and sometimes sole ingredient 
of the following rocks : garnet rock, eklogite, euHsite, kinzi- 
gite. It likewise is a very frequent accessory in granite, 
granulite, vitreous trachyte and perlite (in which it would 
appear to be a contemporaneous formation with the mother- 
rock), and in metamorphic rocks (e.g. chlorite-schist, mica- 
schist), where it is probably a product of the very process of 
metamorphism. In limestone and sandstone rocks (Killan 
and Wexford in Ireland), and in lavas of Vesuvius. 

50. Pyrojpe. — Monoclinic, crystals almost always rounded 
off at the edges, imbedded, or scattered loose in alluvial soil. 
Fracture conchoidal. H.=7*5. S.G.=3*69— 38. Colour 
deep hyacinth to blood-red. Lustre vitreous. Transparent 
or very translucent. Cp. a magnesian aJumina-gamet, with a 
considerable portion of the magnesia replaced by Fe and 
Cr. Bp. becomes black and opaque at a red heat, but re- 
sumes its transparency and red colour on cooling. With 
borax, gives the reaction of chromium. Not affected by 
acids unless previously frised. 
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Pyrope is a very characteristic accessoiy constituent of 
many kinds of serpentine (Saxony), and of the opal-rock 
termed vitrite (Bohemia). 

51. Zinrcon (Hyacmth), — ^Dimetric. Crystals columnar or 
pyramidal, singly imbedded or attached. Cleavage pyramidal 
and prismatic, imperfect. Fracture conchoidal to uneven. 
H.=7'5. S.G.=4 — is'?. Colourless, rarely white, usually 
coloured yellow, red or brown. Lustre adamantiue, vitreous. 
Every degree of transparency. Cp. = ZrSi, with little Fe. 
Bp. infusible, only soluble with borax. Partially decomposed 
in sulphuric acid after long digestion. Not affected by any 
other acid. 

Zircon occurs in many rocks (more or less abundantly), 
usually as an accessory ingredient only, viz. in zirconsyenite 
(Norway, Ural) ; in granite (Criffel, Kircudbright and New 
Jersey) ; in basaltic lavas of extinct volcanoes (Rhenish 
Prussia) ; and in volcanic tufa (Anvergne) ; in granular lime- 
stone (Hammond). 

52. Idocrase (Vesuvian, JEJgeran, Wiluit). — ^Dimetric. Crys- 
tals usually columnar or pyramidal, imbedded and attached ; 
also massive in fibrous and compact aggregates. Cleavage 
prismatic, imperfect. Fracture uneven and splintery. H.= 
6*5. S.G. = 3*45. Colour yellow, green or brown. Lustre 
vitreous or resinous. Transparent, translucent, opaque. Cp.= 
R'Si-hRSi, and R= principally Ca, Fe, Mg, with H up to 
3 per cent. R=A1, Fe. Bp. fuses easily, with effervescence, 
to a yellowish-green or brownish glass. With microcosmic 
salt it produces the reaction of iron and a siliceous skeleton. 
In raw state, imperfectly decomposed by muriatic acid, 
hut after fusion, completely decomposed with a gelatinous 
precipitate of silica. 

Idocrase occurs as an accessory in old lavas of Vesuvius ; in 
serpentine (Mussa Alp, Piedmont) ; in dolomite (Fassa Thai, 
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where it is an imiuistakable product of metamorpliisni) ; and 
in metalliferons veins (Swarzenberg, Saxony). 

Its igneons origin, at least in part, is proved by tbe appear- 
ance of similar products in slags of fdmaces. 

53. ScapoUte (Wemerite). — Dimetric. Tbe crystals columnar, 
attached and imbedded, also clustered in geodes, or massive 
and granular. Cleavage prismatic, tolerably perfect. H.= 
5 — 5*5. S.G. = 2'6 — 2'7, Colourless, or coloured pale green, 
green, or reddish. Lustre vitreous to resinous. Semi-trans- 
parent to opaque. Cp. very fluctuating, in part answering 
to the formula : R'^Sr-^ + 2AlSi, with Ca, Na, some H and Fe. 

ScapoHte is an essential constituent of wemerite rock ; it 
also occurs as an accessory in granite and other crystalline 
rocks, likewise in limestone, but in that case usually near the 
margin of intruded granites. Finally in veins of ore (Arendal). 

Meionite and Mellilite. — Limpid crystals found in the marble 
blocks of Somma, and Mellilite^ dirty yellow, found in nepheline 
rocks at Capo di Bove near Rome, are two minerals very 
closely alKed to scapolite. 

54. Upidote (Pistadte, Zoisite), — Monoclinic. Crystals co- 
lumnar, extended in the direction of their horizontal axis, 
usually in geodes, also massive and in fibrous, granular, or 
compact aggregates. Cleavage orthodiagonal, very perfect, 
hemidomatic perfect. Fracture conchoidal to uneven. H. = 
6 — 7. S.G. = 3*2 — 3*5. Almost always coloured, viz. green, 
yellow or grey. Lustre vitreous, and on the cleavage surfaces 
adamantine. Transparent to opaque. Cp.=R,3gi^2RSi, in 
which formula R,=Ca, with some Mg and up to 2 per cent H ; 
R=A1, Fe. Bp. variable ; affcer being subjected to strong 
heat or melted, all varieties may be decomposed by muriatic 
acid and they become gelatinised. 

Zoisite is grey, with Ca and Al ; it occurs as an accessory in 
granular limestone and granite (Fichtelgebirge). 
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Pistddte is green and rich in Fe. It occurs as an accessory 
and very frequently in hornblende rocks, and is probably 
the product of decomposition of hornblende. It also occurs 
in beds of iron-ore (Arendal). 

65. Orihite (^Allamite^ Cerine). — Monoclinic, isomorphous 
with epidote, but seldom occurs in distinct crystals. More 
usually massive, in granular and short fibrous aggregates. 
Fracture conchoidal to uneven. H. = 5 — 5*6. S.G. = 3*3 — 4'2. 
Colour, pitch-brown to black. Streak greyish or greenish. 
Lustre imperfect, metallic to vitreous and resinous. Trans- 
lucent at the edges to opaque. Cp. variable. In part, R-^Si + 
RSi, in which R= Al and R=:Ce, Ca, Mg, with little La and H, 
and in the variety orthite, Y. Bp. on charcoal, puffs up slightly 
and fuses to a black glass ; with borax fuses easily and makes 
with oxidising flame a bead of blood-red colour in the heat and 
yellow on cooling ; with the reduction flame the bead is green. 

Orthite occurs as an accessory in granite, especially in cer- 
tain narrow dykes of granite, rich in felspar, which traverse 
homblendic rocks (Greenland, Dresden) ; in zirQon syenite 
(Hitteroe in Norway), where the crystals are a foot in height ; 
sometimes in porphyries (Totun Fjeld in Norway). 

56. Gddolinite. — Monoclinic, but seldom in crystals, usually 
massive and imbedded. Fracture conchoidal to uneven. H.= 
6*5—7. S.G. =4—4-3. Pitch- and raven-black. Streak 
greenish-grey. Lustre vitreous, resinous. Translucent at 
the edges to opaque. Cp. various, in general R^Si ; and R= 
Y, Ce, Fe, Ca. Bp. puffs up slightly without fusing, glows 
vividly and bums to a Hght-grey colour. Gelatinises with 
muriatic acid. 

Ghdolinite occurs chiefly in granite, and as an accessory, 
imbedded (Fahlun in Sweden, Hitteroe in Norway). 

57. AxmUe (Thumite). — Triclinic. Crystals singly at- 
tached, or clustered in geodes, also massive, in scaly aggre- 
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gates. Cleavage indistinct. H. = 6*5 — 7. S.G.=3'3. Colour 
clove-brown, grey,, or plum-blue. Transparent to translucent 
at edges only. Exhibits trichroism in an eminent degree. 
Cp. very compHcated = R-*Si+2RSi + iBSi; and R = Ca, 
Mg, K ; R=Fe, Mn. Bp. melts easily, and with intumescence, 
to a dark green glass, which becomes black in the oxidation 
flame ; with fluor-spar and sulphate of potash gives the reaction 
of boracic acid. Afber fiision it gelatinises completely with 
muriatic acid. Axinite occurs in the geodes of granite (Oisans, 
St. Gotthard), or in metalliferous veins (Botallack in Cornwall ; 
Kongsberg in Norway). 

68. Gordierite (Dichroite, Peliom, lolite). — Trimetric. Crys- 
tals usually columnar, hexagonal, also massive and dissemi- 
nated. Cleavage brachydiagonal, tolerably perfect. Fracture 
conchoidal to uneven. H. = 7 — 7*6. S.G. = 2'6. Colourless, but 
usually coloured bluish-grey, violet-blue, or brownish. Lustre 
vitreous ; in fracture eminently resinous. Transparent to 
translucent, beautiful trichroism. Cp. = R^Si' + 3AlSi ; and 
R=Mg, Fe, Mn and H. Bp. fdses with difficulty at the edges 
to a glass ; dissolved with difficulty in borax. Little affected 
by acids. 

Cordierite occurs as a substitute for quartz, and an essential 
ingredient in several granites and in metamorphic gneiss, under 
circumstances pointing to an igneous origin, or to an origin 
from contact with igneous masses (Saxony). It also occurs 
in beautifdl crystals in metalliferous veins (Bodenmais in 
Bavaria). 

Fahlunite and Pimte are products of transmutation from 
cordierite, or (according to some authors) from nepheline. 
They occur porphyritically in granite. 

lAehnerite and Oodte are like products. They occur chiefly 
in porphyry rocks. 
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C. TANTALATES (OR COLUMBATES) TITANATES, 
VANADATES. 

The minerals here grouped occur very frequently as acces- 
sory ingredients in plutonic and igneous rocks, and are for the 
most part of contemporaneous origin with the rocks in which 
they occur. 

59. Pyrochlore. — ^Monometric, usually in octahedrons (cry- 
stals or grains imbedded.) Fracture conchoidal, brittle. H.= 
5 — 5*5. S.G.=3'8 — 4*3. Colour dark reddish- and blackish- 
brown. Streak light brown. Lustre vitreous. Translucent 
at the edges to opaque. Cp.=(Ca,Fe,Ce,Mn)(Cb,Ti) with 
some NaF and H. Bp. becomes yellow and fdses with diffi- 
culty to a brown slag, previously (sometimes) emitting an 
intense Hght. When powdered, it is decomposed in concen- 
trated sulphuric acid. 

Pyrochlore occurs as an accessory in granite and syenite 
(imbedded), (Miask, Brevig in Norway), also in granular 
limestone (Kaiserstuhl in Baden). 

60. Perof shite. — Monometric, usually in cubes or octahedrons. 
Crystals attached or imbedded, also massive. Cleavage cubal. 
H.=5*5. S.G.=4. Colour greyish- to iron-black, or reddish- 
brown. Streak greyish- white. Lustre metallic-adamantine. 
Opaque. Cp. = CaTi, with small quantity of Fe. Bp. in- 
ftisible. Scarcely affected by acids. 

Perofskite occurs as an accessory in chlorite schist (Slatoust, 
in the Ural) in talc schist (Zermatt), and in granular limestone 
(Kaiserstuhl). 

61. Tantalite. — Trimetric. Crystals usually columnar, also 
massive and disseminated. Fracture conchoidal to uneven. 
H.=6— 6-5. S.G.=7-1— 7-9. Colour iron-black. Streak 
brown. Lustre adamantine metallic. Opaque. Cp. = 
(Fe,Mn)(Ta,Cb^), with sometimes some Ca and up to 16 per 
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cent, of Sn. Bp. uncliaiiged. Not affected, or very little 
affected, by acids. 

Tantalite occurs as an accessory in granite, imbedded, and is 
usually associated with beryl and tourmaline (Finland, Sweden). 

62. Golumbite (Niobite). — Trimetric, usually in thick tabular 
or broad columnar crystals. Cleavage macrodiagonal, very 
distinct, brachydiagonal distinct. Fracture conchoidal to un- 
even. H.=6. S.G. = 6'4. — 6*4. Colour brownish-black to 
iron-black. Streak reddish-brown to black. Lustre metallic 
adamantine. Opaque. Cp. - (Fe,Mn)3(Jb2, with Kttle Ca and 
Sn. Bp. infiisible, unchanged. Not affected by acids. 

Columbite occurs as an accessory in granite, associated with 
beryl and tourmaline (Bodenmais in Bavaria, Connecticut and 
Massachusetts), also imbedded in cryolite (Greenland). 

63. Wohlerite. — Trimetric. Distinct crystals very rare, 
usually massive and disseminated. Fracture conchoidal. H. = 
5*6. S.G. - 3*4, Colour wine-yellow to honey-yellow, or 
yellowish-brown. Lustre resinous in the fracture. Trans- 
lucent. Cp.=a silicate of Ca, Na, Ta, Zr. Bp. at first un- 
changed, after some time fdses to a yellow glass. Decomposes 
in concentrated muriatic acid. 

Wohlerite occurs as an accessory in zirconsyenite (Brevig 
in Norway), in syenite and miascite (Ditro in Transylvania). 

64. Titanite (Sphene, Menochineore), — Monoclinic, frequently 
crystallised, prisms and tabular, imbedded and attached, twins 
frequent, also massive and in scaly aggregates. Cleavage 
indistinct. 'il,=.6 — 5*6. S.G. =3*4 — 3*56. Colour grey or 
brown. Lustre adamantine, often resinous. Semi-transparent 
to opaque. Cp.=2CaSi=CaTr\ Bp. fdsible only at the edges. 
With microcosmic salt and metalHc tin gives the reaction of 
titanium in the reduction flame. Licompletely decomposed 
by muriatic acid ; completely decomposed by sulphuric acid, 
gypsum being formed. 
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Greenovite is red-coloured titanite containing Mn. 

Titanite occurs as an accessory in the mica-scliist of tlie 
Alps, and there usually in cruciform twin crystals, in gneiss 
(Massachusetts), in granite (Greenland), in syenite and zir- 
consyenite (Strontian, Argyleshire ; Arendal), in volcanic 
rocks, rich in felspar (Laachersee, Andemach on the Rhine), 
in phonoKte (Bohemian Mittelgebirge), in beds of iron-ore 
(with pyroxene in Arendal), finally in granular limestone (ia 
many localities in North America). 

65. Volborthite. — Hexagonal. Crystals are small, often only 
scaly particles on an earthy incrustation. H.=3 — 3'6. S.G.= 
3*45 — 3*86. Colour olive- or grass-green, also yellow. Streak 
almost yellow. Lustre mother-of-pearl, vitreous. Translucent 
in thin plates. Cp. = (Cu,Ca)^ V + H. When heated in glass 
tube gives out water. Bp. fuses easily on charcoal, and at a 
higher temperature consoHdates to a slag, resembhng graphite, 
which slag contains grains of metallic copper. It is soluble 
in muriatic acid. 

Volborthite occurs as an accessory ingredient in many sand- 
stones of the Permian formation of Russia, or as incrustation 
on the walls of clefts in the same rocks. 

D. SULPHATES. 

(a) ANHYDROUS SULPHATES. 

66. Barytes (Heavy Spar). — Trimetric. Crystals tabular or 
columnar, very various; also lamellar, fibrous, granular, or 
compact. Cleavage perfect in the planes of the brachy- and 
macro-diagonals. H.=2-5 — 35. S.G. = 4-3 — 47. Colour- 
less, Hmpid, or variously coloured, white, yellow, brown, or 
red. Lustre vitreous or resinous. Transparent, translucent, 
opaque. Cp.=BaS, with admixture, in small quantities, of 
other bases, such as Ca, Sr, and ¥e. Bp. decrepitates, and fuses 
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with difficulty. Colours the flame yellowisli-green. Not 
affected by acids. 

Barytes. seldom occurs as an independent rock. It occurs 
as an accessory in the form of lamellar nodules in the clay 
strata of Monte Patemo near Bologna, where it is called 
Bologna-spar or Bolognese stone. It also occurs in the 
cavities of fossils in the Swabian Jurassic formation ; also very 
frequent in veins of ore. 

Q7, Gelestine. — Trimetric, isomorphous with barytes, also 
the same cleavage, frequently fibrous, granular, or compact. 
H.=:3— 3-5. S.G. = 3-9. Colourless, limpid, but usually 
white, rarely blue. Lustre vitreous to resinous. Transparent, 
translucent. Cp.=SrS. Bp. decrepitates and fuses without 
difficulty to a milk-white bead. K moistened with muriatic 
acid, it colours the flame carmine-red. It is only slightly 
affiscted by acids. 

Celestine only occurs as an accessory constituent in rocks. 
Sometimes it is found in layers of a fibrous texture imbedded 
in marly Hmestone (Jena), in lamellar or radiated nodules in 
dolomite (Seisser Alps), or in fossils (Swabia), also in many 
metalliferous veins. 

68. Anhydrite (Muriadte, Karstenite). — Trimetric. Crystals 
thick, tabular, but rare ; usually massive, in granular or com- 
pact aggregates. Cleavage macro- and brachy-diagonal, very 
perfect, basal perfect. H. = 3—3*5. S.G. = 2*8—3. Colour- 
less, white, but most frequently light bluish-grey or reddish- 
grey. Lustre vitreous, on the faces of basal cleavage, resinous. 
Cp. = CaS. Bp. fuses with difficulty to a white enamel ; with 
borax effervesces, and fdses to a transparent glass, which on 
cooling becomes yellowish. Little soluble in acids. 

Anhydrite occurs as an independent rock, associated with 
gypsum and rock-salt (frequent in the Alps). It also occurs 
in metalliferous veins (Audreasberg). 
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69. Glauherite, — Monoclinic, also massive, in thin lamellar 
a^regates. Cleavage basal perfect. H.=2'5 — 3. S.G.ss 
2*6^2*8. Colonrless and coloured, greenish, yellowish or 
reddish-white. Lustre vitreous to resinous. Translucent. 
Taste salt and bitter. Cp.=NaS + CaS. Bp. decrepitates 
violently, and fuses readily to a transparent glass. Colours 
the ilame reddish-yellow. 

Glauberite occurs as an accessory in rock-salt (Villa Bubia 
in Spain, Berchtesgaden in Bavaria, Tarapaca in Peru). 

(6) HYDROUS SULPHATES. 

70. Chjpsvmi (^Alabaster, Selenite). — Monoclinic. Crystals 
prismatic and tabular, various, frequently twins, also massive, 
fibrous, lamellar, granular, or compact. Cleavage clinodiagonal, 
very perfect, hemipyramidal less perfect. Sectile. Iii thin plates 
flexible. H.=l-5— 2. S.G.=2-3. Colourless, limpid, or 
white, sometimes variously coloured grey, flesh-red, yellow, 
&c. Lustre mother-of-pearl on the faces of most perfect cleav- 
age, silky on the hemi-pyramidal faces, otherwise vitreous. 
Transparent, translucent, opaque. Cp. = (JaS=2H. In matrass 
yields much water. Bp. becomes dull and white, exfoliates 
and ftises with difficulty to a white enamel, which has an 
alkaline reaction. Soluble in 460 parts of water, in acids 
somewhat more easily. 

Gypsum occurs as an independent rock in sedimentary for- 
mations, or in metamorphic schists (mica-schist of the Alps). 
It occurs accessorily in the form of crystals or nodules in 
clay-marls, rarely in metalhferous veins or dykes ; sometimes, 
however, in mines as a recent product. 

The origin of gypsum may be either by wet or dry process, 
or by metamorphism. It is formed (1) in volcanic districts by 
fumes of sulphuric acid and sulphuretted hydrogen issuing 
from cracks or other openings in the ground, and Jict.'ng upon 
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lavas previously containing pyroxene and labradorite ; (2) by 
wet process, where pyrites is decomposed in the neighbour- 
hood of lime, or as a sediment from the evaporation of sea- 
water. The latter process may be observed taking place arti- 
ficially in salt pans ; (3) by metamorphism from anhydrite by 
simple absorption of water. 

71. Alunogen (Hair Salt). — ^Occurs in capillary or acicular 
crystals or crystalline masses of irregular form, usually in 
crystalline crusts or reniform aggregates of fibrous structure. 
H.=l-5— 2. S.G.=l-6— 1-8. Colour white and yellowish, 
or greenish. Lustre silky. Cp.^AlS^ + lSH. Easily soluble 
in water. If heated in test tube, it intumesces and gives out 
water. 

Alunogen is sometimes the product of volcanic action (vol- 
cano of Pa^to, Milo Isle), sometimes a result of the decom- 
position of pyrites in coal districts, and in alum-shales (Bonn, 
Dresden) ; sometimes is found as an eflBlorescence in numerous 
places in the United States. 

72. Native Alwm. — Chemically speaking there are several 
subspecies. Crystallographically all monqmetric, and usually 
in octahedrons ; also occurs in fibrous masses. Fracture con- 
ohoidal. H.=2— 2*5. S.G. = l-6— 1-9. Soluble in water. 
Taste sweet-astringent. Cp.=RS+AlS3H-24H. According 
to the various bases, different species are distinguished, viz. : — 
Potash-alum, soda-alum, magnesia-alum, iron-alum, manganese- 
alum, and ammonia-alum. Bp. on charcoal, efflorescence ; 
with cobalt solution blue. 

Alum is found in the vicinity of the crater of uEtna, filling 
clefbs in the Coal and Browncoal formations, especially in 
pyritous shales (Saarbrucken, Bohemia), and as an efflorescence 
on other minerals or rocks. In fresh alum-slate no alum is 
contained, but the latter is only developed in that rock by 
weathering and the consequent decomposition of the pyrites 
contained in it. 
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73. Epsomite (Epsom Salt). — Trimetric. Crystals colnnmar, 
nsnally in granular, fibrous, or earthy aggregates. Cleavage 
brachydiagonaJ. H. = 2*25. S.G.=175. Colourless. Trans- 
parent. Taste saline bitter. Cp.=2MgS + 7H. Easily soluble 
in water. Bp. if heated in test tube gives water, ftises, and 
then remains unchanged. On charcoal it effervesces violently, 
and shows alkaline reaction ; if heated with cobalt solution, 
becomes rose-pink. 

Epsomite occurs as an efflorescence from marshy ground 
(Steppes of Siberia), and from many kinds of rock (gneiss 
near Freiberg, alum-slate at Idria), also in solution in spring 
waters (Epsom, Saidschutz in Bohemia). 

74. OUmbersalt (Mirahilite), — Monoclinic, usually incrusted. 
H.=l-5 — 2. S.G. = 1'48. Colourless, transparent. Taste 
cooling, and saline bitter. Cp. =NaS + lOH. Easily soluble 
in water, quickly decomposing, and falling to powder in the 
atmosphere. Bp. in test tube it melts in its water of crystal- 
lisation. It colours the flame reddish-yellow. 

Glaubersalt occurs as an independent rock (Guipuscoa in 
Spain), accessory in rock-salt strata (Berchtesgaden) ; also in 
mineral springs (Carlsbad in Bohemia), and salt lakes. 

75. Ahmite (Ahumstone), — Rhombohedral. The crystals 
mostly very small, and clustered in geodes. Usually massive, 
in granular, earthy, and compact aggregates. It occurs mixed 
and interlaced with quartz, homstein, and felsite. Cleavage 
basal. H.=3-5 — 4. S.G. = 2-6— 2*7. Colourless, white, yel- 
low, or reddish. Lustre vitreous, with mother-of-pearl lustre 
on the basal cleavage faces. Translucent. Cp. = KS+3AlSH- 
6H. In test tube gives out water. Bp. decrepitates violently 
and is inftisible. Not affected by muriatic acid ; soluble in 
heated concentrated sulphuric acid. Alum is manufactured 
from this mineral by heating and adding water to it. 

Alunite is met with in the largest known quantities at La 

E 2 
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Tolfa near Rome, where it occurs in small geodes in decom- 
posed trachytic rocks, and owes its origin to the action of 
sulphuric acid (a product of volcanic agency) upon the rock 
during long periods of time (Muzay, Hungary ; Montdore, 
Auvergne) . 

E. BORATES. 

76. Boracite. — Monometric, tetrahedral. The crystals some- 
times show combinations of the cube, the rhombic dodeca- 
hedron, and tetrahedron. Always porphyritically imbedded. 
Cleavage imperfect. Fracture conchoidal. Brittle. H.=7. 
S.G.=2*97. Colourless, white or greyish, yellowish, greenish. 
Lustre vitreous to adamantine. Transparent to translucent at 
edges only. Cp.=Mg^B*. Bp. intumesces, ftises with diffi- 
culty, forming a pearl which, whilst hot, is transparent and 
yellowish, and when cooled is white and crystalline, acicular. 
It colours the flame green when fiised with sulphate of soda 
and fluor spar. In muriatic acid it is perfectly soluble. 

Boracite occurs, as an accessory only, in gypsum, anhydrite, 
or rock-salt (Liineburg in Hanover, Seegeberg in Holstein, 
Luneville in France; in the last place in radiated fibrous 
masses). A fine-grained to compact rock, which occurs in 
subordinate masses in the salt mountains of Stassfart near 
Magdeburg, consists essentially of boracite with some chloride 
of magnesium. It is called stassfurtite. 

77. Borax (Tinkal). — ^Monoclinic, isomorphous with pyrox- 
ene. The crystals usually broad and short, columnar. Cleavage 
cHnodiagonal and prismatic. Fracture conchoidal. H.= 
2 — ^2*5. S.G. = 1*72. Colourless, or more usually yellowish 
and greyish- white. Lustre resinous. Translucent. Cp.=: 
NaB^ + lOH; usually impure. Bp. decrepitates with rapid 
heating, puffs up violently, becomes black, and finally melts to 
a transparent colourless powder. It tinges the flame reddish- 
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yellow. K moistened with sulphuric acid, it tinges the flame 
green. 

Borax is met with in loose crystals and crystalline grains 
or incrustations, associated with rock-salt, on the shores of 
several lakes in Thibet, where it is a recent formation. Clear 
lake in California, in crystals several inches long. 

F. PHOSPHATES. 

(a) ANHYDROUS PHOSPHATES. 

78. Apatite (^Spargelstein, Phosphorite). — Hemihedral hexa- 
gonal. The crystals short, columnar, or tabular ; also massive, 
in granular, fibrous, or compact masses (phosphorite). Cleav- 
age prismatic ^nd basic. Fracture conchoidal to uneven, and 
sphntery. Brittle. H.=5. S.G.=3'25. Colourless, white, 
but more usually Hght green, blue, or grey. Lustre vitreous 
on crystal faces ; resinous on fracture or cleavage surfaces. 
Cp.=3Ca3P+^Ca(Cl,F), with sometimes Mg and Ee. Bp. 
only fdsible in thin laminae. If moistened with sulphuric acid, 
colours the flame bluish-green. Soluble in muriatic and in 
nitric acids. 

Apatite is met with — (1) as an independent rock or in con- 
cretions, principally in strata of the Browncoal formation, more 
rarely in the Chalk formations, always massive (phosphorite) ; 
frequent in the Oberpfalz of Bavaria : (2) as an accessory con- 
stituent of rocks, especially the volcanic (nepheline-dolerite 
at Lobau in Saxony ; basalt in Bohemia ; volcanic rocks of 
Tumilla and in meteorites) ; in talc-schist (Zillerthal), and in 
limestone (Gouvemeur in North America, Arendal, Pargas) ; 
(3) very frequent in veins of tin-ore. 

It will be therefore seen that apatite in many cases must be 
a formation by wet process, and in others a plutonic product. 
Daubree has succeeded in producing artificial crystals of 
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apatite by condacting ftiines of chloride of phosplionLs over 
heated quicklime. 

79. Turquois {Galaite). — ^Amorphous in cavities and veins, 
reniform or stalactitic . Fracture conchoidal to uneven. H. = 6 . 
S.G.=2*6 — ^2*8. Colour sky-blue to verdigris-green. Strealc 
greenish- white. Lustre feeble. Translucent at the edges to 
opaque. Cp.=Al'P-h5H, with some Cu up to 3 per cent. 
If heated in test tube, it gives water, decrepitates violently, 
and becomes black. Bp. infusible ; tinges the flame green. 
Soluble in acids. 

Turquois is met with as an incrustation in the fissures of 
Lydian stone ; very precious varieties in Persia. Also occurs 
in sandstone in Arabia. 

(6) HYDROUS PHOSPHATES. 

80. Vwianite (Blue Iron-Earth). — Monoclioic. The crystals 
usually single, attached, also fibrous, divergent, earthy. Cleav- 
age clinodiagonal, very perfect ; in thin laminse, flexible. H. = 
1*5 — 2. S.G.=2*66. Colour indigo-blue to blackish-green, 
sometimes white, and becoming blue by exposure. Lustre on 
cleavage surfaces, mother-of-pearl. Translucent. Cp.=Fe3P + 
8H. Bp. in matrass gives out much water, puffs up, and 
becomes particoloured grey and red ; on charcoal btims and 
becomes red, and then fiises to grey, lustrous, and magnetic 
globule. Readily soluble in muriatic and nitric acids. 

Vivianite is usually a product of decomposition from magnetic 
pyrites, in veins traversing the clay slate (St. Agnes, Corn- 
wall), or in granite (Bodenmais in Bavaria). The earthy 
variety is very frequent as an accessory constituent of turf 
mosses and Tertiary clays. Pseudomorphous iu form of oysters 
and belemnites iu New Jersey, U. S. 

81. Wa/velUte (Lasionite). — Trimetric. The crystals usually 
small, acicular, and clustered to reniform aggregates of radiated 
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staractnre. H.=3*25 — 4. S.G.=2*34. Colourless, white, or 
coloured greyish, or a beautiful green or blue. Lustre vitreous. 
Op.=(Al<P + 18H)+^AlF. Bp. in matrass gives out water 
and traces of hydrofluoric acid. In the forceps puffs up and 
tinges the flame bluish-green, especially if moistened with 
snlphuric acid. 

Wavellite is met with as an accessory and a secondary 
product in fissures of a soft clay-slate at Barnstaple in Devon- 
shire ; in Lydian stone at Langenstriegis, near Freiberg ; and 
in Devonian sandstone at Zbirow in Bohemia. 

G, NITRATES. 

82. Nitre (Saltpetre). — Trimetric. The crystals prismatic, 
isomorphous with aragonito, but usually only very thin, 
capillary, and acicular. Fracture conchoidal. H.s=2. S.G. 
=1*9. Colourless, white and grey. Lustre vitreous. Taste 
sahne, cooling. Cp.=KN'. B/cadily soluble in water; defla- 
grates vividly on glowing charcoal. Bp. fdses easily on pla- 
tinum wire, tinging the flame violet. 

Nitre occurs as a separate formation in the caverns of 
several limestone mountains (Ceylon, Calabria), as an efflores- 
cence firom the surface of the ground, especially in hot weather 
after rain (Aragon, Hungary, East India) ; also in springs. 

83. Nitratine (Ghdli saltpetre). — Rhombohedric. In crystals, 
and crystalline grains ; cleavage, rhombohedric. H.=l*5 — 2. 
S.G.=i2*l — 2*3. Colourless or Kght coloured. Transparent to 
translucent. Taste saline, cooling. Cp.=NaN. Soluble in 
water ; deflagrates in glowing charcoal, but less vividly than 
saltpetre. Bp. fiises, tinging the flame yellow. 

Nitrafine is a marine product, found in grains mixed with 
the sand, and associated with gypsum, rock-salt, and glauber- 
salt, occurring at many parts of the coast of ChiH. 
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H. CARBONATES. 

(a) ANHYDROUS CARBONATES. 

The most important of the carbonates are those comprised 
in the Calcite group. The calcspar and dolomites form whole 
monntain ranges (limestone and dolomite) as well as isolated 
mineral formations of minor extent in cliffs, fissures, and 
veins. 

They are chiefly of neptunian origin, partly crystalline or 
compact precipitates ; partly formed by springs ; and partly 
the result of organic processes (chalk, coral). There are 
probably no limestone rocks of plutonic origin, although 
carbonate of lime under high pressure is capable of fusion 
without chemical decomposition. The minor mineral forma- 
tions in clefts, veins, dykes, and geodes are doubtless, for the 
most part, the result of infiltration. 

All calcites are rhombohedral in crystallisation. Calcspar 
alone presents great variety of form. Its crystals are grouped 
and interlaced in almost every conceivable shape and fashion, 
and the uncrystallised varieties are fibrous, granular, compact. 
The cleavage of the crystals is rhombohedral, very perfect. 
The angle of the cleavage rhombohedron is the most charac- 
teristic distinguishing feature of the different species, which 
can only be determined in many cases by an accurate measure- 
ment of that angle. Fracture conchoidal, but in the crystal- 
Used varieties it is somewhat difficult to obtain a genuine 
fracture. The colour is usually white, grey, yellowish, reddish, 
or brownish. Lustre vitreous, sometimes resinous. Calcspar 
and magnesite alone are sometimes perfectly transparent, 
the other calcites at most only attain translucence. The Cp. 
of all calcites comes under the general formula3 RC. 

The following are the principal species of this important 
group of minerals :-^ 
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84. Galcsjpar (Calcareous Spar, Galcite). — H.=2*5 — 3 '5. 
S.Gr. =2*5 — 2*8. Cp. = CaC, usually witli small quantities of 
Ee, Mg, Mn. Bp. inftisible, but bums to quicklime with a 
bright light. Readily soluble in muriatic acid, even in large 
pieces, with effervescence, caused by the evolution of carbonic 
add. 

Limestone, marble, chalk, ooHte, pisoKte, coral, are some of 
the most important of the very numerous varieties which 
form independent rocks, and will be described hereafter as 
such. Marl is a mixture of clay and lime. Iceland spar is 
a pure transparent variety of calcspar. Anthraconite is 
coloured black by admixture of carbon. It would lead us too 
far to attempt to enumerate all the varieties of this very 
abundant mineral. 

Calcspar stands next to quartz in importance, as consti- 
tuting the mineral of the greatest frequency after it, and 
fonning nearly as large a portion of the earth's crust. 

85. Magnesite iTalc-8par). — IL.^^'b—4^'h. S.G.=2-8— 3. 
Cp.=:MgC, usually also some Fe. Bp. becomes red if heated 
with cobalt solution. Soluble in acids, if powdered and heat 
apphed. 

86. Dolomite {Bitter, Spar, Brown Spar, Anherite). — H.= 
3-5--4. S.G. =2-85— 2-92. Cp.=CaC+MgC, usually with 
admixtures of Fe and Mn. Ankerite is particularly rich in 
iron. Bp. infasible, bums to caustic. Does not usually effer- 
vesce with muriatic acid, and is only soluble in that acid if 
powdered and heat applied. 

87. Breurmerite (Bitter and Brown Spar, in part ; Medtine 
%r).— Cp.=FeC-|-2MgC. H.=:4-5. S.G.=3— 3*63. 

88. Spathic Iron (Sparry Iron-ore, Siderite). — H. = 3*5 — 4*5. 
S.G. 37 — 3-9. Colour always yellowish-grey or yellowish- 
broYm. Cp. FeC, with some Mn, Mg, and Ca. In matrass 
decrepitates and gives out carbonic acid. Bp. infusible ; but 
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becomes black and magnetic. Soluble in acids without beat 
applied (effervescing). 

In the compact state, or when occurring in reniform masses 
or concretions, this mineral is termed SphcerosiderUey and if, 
moreover, combined with clay. Clay Ironstone. 

89. Zinc Spar (Calamine, Gahneyy in part). — H.=5. S.G. 
=4 — 4*3. Cp.=ZnC, with small quantities of Fe, Mn, Ca, 
Mg. Bp, loses its carbonic acid, and then shows reaction of 
oxide of zinc. Readily soluble in acids, with effervescence. 

90. Aragonite, — Trimetric. Crystals usually columnar, with 
inclination to twin formations. Singly imbedded or clustered 
in geodes ; also occurring in divergent and fibrous aggregates 
and staJk-like, coralloidal shapes (flos ferri), or in the form of 
peastone (pisolite). Cleavage brachydiagonal, distinct ; pris- 
matic, and brachydomatic, imperfect. Fracture, conchoidal 
to uneven. H.=3'5 — 4. S.G. =2*93. Colourless and coloured 
yellow, wine-yellow, reddish. Lustre vitreous. Transparent 
to translucent. Cp.=CaC, very often with SrC (up to 2*4 
per cent.), also some CaF. Bp. in matrass decrepitates 
violently, and falls to a white coarse powder ; on charcoal 
bums to caustic lime ; if containing strontian colours the 
flame carmine. Soluble both in muriatic and nitric acids, 
with effervescence. 

Aragonite occurs as an accessory in clay and gypsum 
(Molina and Valencia in Aragon). In cleffcs and veins of 
vesicular cavities of basaltic rocks (Bilin, Bohemia). Flos- 
ferri is formed in great perfection in the Styrian iron mines. 
A fine fibrous variety called satinspar is found in thin silklike 
veins traversing the shale at Alston Moor. Peastone (sprudel- 
or erbsenstein) occurs in great beauty at Carlsbad. 

Aragonite is entirely a watery product. It is said that 
whereas cold springs can only produce calcspar, hot springs give 
birth to aragonite. Moreover, according to Becquerel, aragonite 



CARBONATES. 59 

is fonned by the action of a saturated solution of NaC^ on 
gypsum, but calcspar if the solution of NaC* be much diluted. 

(b) HYDROUS CARBONATES. 

91. Trona (JJrao), — Monoclinic. Crystals broad, colunmar ; 

in direction of horizontal axis, also in fibrous and divergent 

aggregates. Cleavage orthodiagonal, perfect. H. =2 5 — 3. S.G. 

=2*1. Colourless or grey. Lustre bright vitreous. Transparent. 

Cp. =Na2C3 4-4H. Sometimes with some NaCl. Does not alter 
bj exposure in a dry atmosphere. Yields water in matrass. 
Soluble in dilute muriatic acid with brisk effervescence. 

Trona forms an independent rock (Figzan, North Africa). 
It forms a crust on the ground on mountain slopes at Mara- 
caibo in Peru ; and occurs as an efflorescence near Sweetwater 
River, Rocky Mountains, mixed with sulphate of soda and 
common salt. 

92. Natron (Carbonate of Soda). ^—Monoclinic, Is only 
known in nature in form of incrustation, or mealy efflorescence 
on the surface of the ground, or various rocks. H.=l — 1*5. 
S.Gr. = l-4. Colourless, white or grey. Lustre vitreous, dull. 
Taste alkaline. Cp. NaC + lOH. Unlike trona it weathers 
rapidly on exposure to the air. Liquifies at a moderate tem- 
perature, and dissolves in its own water of crystallisation ; 
otherwise, however, has the same attributes as trona (Egypt, 
Hungary, Vesuvius). 

93. Malachite. — Monochnic. Li aggregates composed of 
minute crystallisations, acicular and capillary, lamellar, botry- 
oidal, and stalactitic, fibrous to compact. Cleavage when crys- 
tallised basal and chnodiagonal, very perfect. H. = 3*5 — 4. 
S.G =3* 7 — 4?. Colour emerald- to verdigris-green. Streak 
verdigris- to apple-green. Lustre of crystals adamantine and 
vitreous ; of aggregates silky to dull. Translucent to opaque. 
Cp. = Cu^C + H. Li matrass yields water and blackens. Bp. 
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fuses on cliarcoal, and is finally reduced to copper. Soluble 
in acids, with effervescence. 

» Malachite occurs as an accessory in various rocks. It is 
doubtless usually, if not always, a product of the decomposition 
of copper-ores (Siberia; Chessy near Lyons ; Cornwall). It 
very frequently is found in the form of a pseudomorph of 
azurite and red copper-ore. 

94. Azurite (Ldsurite, Bhie Copper-ore). — ^Monoclinic. Crys- 
tals columnar or tabular, usually in clusters or geodes ; also 
massive and earthy varieties. Cleavage chnodomatic, toler- 
ably perfect. Fracture conchoidal to uneven, and splintery. 
H. = 3-5— 4-25. S.G. =3-5— 3*8. Colour azure-blue, in earthy 
varieties smalt-blue. Lustre vitreous. Translucent, opaque. 
Cp.= Cu3C^4-H. Bp. similar to malachite. 

Azurite resembles malachite in the places where it is found 
in nature, and in the mode of its occurrence in other respects. 
The earthy variety of azurite may, from its outward appearance, 
be easily mistaken for vivianite. 

i. OXIDES OP ELEMENTS OF THE HYDROGEN GROUP. 

The oxides collected under this head properly speaking 
belong more jtistly to the family of earths (Nos. 1 — 3). We 
have, however, postponed their consideration in order to give 
place as far as possible to those minerals which are more im- 
portant to the geologist. 

(a) ANHYDROUS OXIDES. 

95. spinel (Geylonite, Pleonaste^ AutoTrwlite, Gahnite). — 
Monometric, usually octahedrons and rhombic dodecahedrons. 
Crystals singly imbedded and attached, seldom gathered into 
geodic clusters. Cleavage octahedral. Fracture conchoidal. 
H. = 8. S.G. = 3'5 — 4*9. Usually coloured, red-blue, green, 
yellow, brown, or black. Lustre vitreous, sometimes 
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resinons. Transparent, translucent, opaque. Cp.=RAl; B;=: 
(Mg,Fe,Ca,Zn,Mn), and a part of tlie Al is sometimes replaced 
by Fe and a little Cr. The varying composition gives rise to 
distinguisliable varieties of tlie mineral. Thus MgAl, red, 
transparent, is spinel proper ; (Mg,Fe)Al, black, translucent 
at the edges, is pleonaste ; ZnAl, greenish-black, translucent at 
the edges, automolite. Bp. the red varieties infusible, but lose 
their colour ; on cooling the colour returns. The black 
yarieties fuse to a dark-green bead. The zinc-spinels with 
soda give oxide of zinc. Not affected by acids. 

Spinel occurs as an accessory in granular limestone (pleon- 
aste at Monzoni; blue spinel in North America in several 
places), in gneiss and talc-schist (tbe automolite of Fahlun) ; in 
the vesicular cavities of volcanic rocks (Somma), and in allu- 
yium (Ceylon). Sometimes spinel is a product of metamor- 
phosis, e.g. of the action of syenite on limestone, at Monzoni. 
Ebelmen has also succeeded in producing spinel artificially 
by igneous means. 

96. Magnetic Iron-ore (Magnetite^ Oicydulated Iron). — Mono- 
metric, most usually in octahedrons and rhombic dodeca- 
hedrons. Crystals imbedded and attached, and clustered in 
geodes ; very generally massive in granular or compact aggre- 
gates, also earthy (eisenmulm). Cleavage octahedral. Frac- 
ture conchoidal to uneven. Brittle. H.=5*5 — 6*5. S.G.= 
4'9 — 5'2. Colour iron-black. Streak black. Lustre metallic. 
Opaque. Very strongly magnetic. Cp. =FeFe, sometimes with 
some Mg. Bp. fiises with difficulty, and with borax gives iron 
reaction. The powder completely soluble in muriatic acid. 

Magnetic iron-ore is found in separate beds (Arendal, 
Dannemora) ; it also occurs as an accessory in many rocks, 
especially in cblorite-cbist, talc-schist, serpentine, granite, 
syenite, basalt, and limestone. 
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97. Chromic Iron-ore {Chrorriite). — Monometric in octa- 
hedrons, usually massive, in granular aggregates, and dis- 
persed. Cleavage octahedral, imperfect. Fracture conchoidal 
to uneven. H.=5*5. S.G.=4*3. Colour brownish-black. 
Streak brown. Lustre semi-metallic. Opaque. Sometimes 
magnetic. Cp.=FeCr, with some Fe replaced by Mg and 
some Cr by Al. Bp. infasible. With borax it fases to a green 
globule. K fused with saltpetre and dissolved in water, it 
yields a yellow solution, which shows the reaction of chromic 
acid. Scarcely affected by acids. 

Chromic iron very frequently occurs as an accessory in 
serpentine (Islands of Unst and Fetlar, Shetland), rarely in 
dolomite (Hoboken, New Jersey). 

98. Hematite (Specular Iron, Bed Iron-ore), — Rhombo- 
hedral ; in rhombohedrons, pyramidal or tabular crystals, 
which are singly imbedded or attached in groups (Specular 
Iron, Micaceous Iron), or subcrystalline, frequently fibrous in 
botryoidal, reniform, or stalactitic masses ; also granular, 
lamellar, compact, and earthy textures {Red Hemxitite, Fibrous 
Bed Iron, Scaly Bed Iron, Bed Iron Froth, Beddle, or Bed Chalk, 
&c.) The crystallised varieties have : — Cleavage basal and 
rhombohedral, imperfect. H. = 5*5 — 6*5. S.G. = 4*5 — 5*3. 
Fracture conchoidal to uneven. Colour iron-black to dark 
steel-grey. Streak cherry- or blood-red. Lustre metallic. 
The subcrystalline varieties have : — H.=3'5 only. S.G.= 
4*5 — 4*9. Colour blood-red to brownish-red, sometimes pass- 
ing over into steel-grey. Streak blood-red. Lustre dull. 
Cp. — Fe, sometimes with some Ti. Bp. both varieties become 
black and magnetic in the reducing flame. Li acids but slowly 
soluble. 

Specular iron (eisenglanz) includes the varieties with perfect 
metallic lustre ; red iron-ore the amorphous varieties. The sub- 
crystalline varieties of hematite frequently contain impurities, 
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siliceous, argillaceous, &c. Itabirite is a granular variety of 
the same mineral containing quartz, jaspery clay-iron ; reddle, 
argillaceous iron. Hematite forms independent rocks and 
beds, sometimes horizontally imbedded between the strata of 
other sedimentary rocks. It also forms an essential constituent 
of micaceous iron-gneiss and micaceous iron-schist. It is like- 
wise met with as an accessory in many other rocks. At Vesuvius 
and MtDB, it fills clefts in lava, or is found in vesicular cavities 
of lava, where it is probably the result of the decomposition of 
fames of chloride of iron by the vapour of water (steam). In 
other cases it is usually a product of metamorphism from 
spathic iron and brown hematite. Again, it is sometimes pos- 
sibly a direct hydrogenic formation (especially where it is 
pseudomorphous of other minerals or dendritic on the surfaces 
of rock clefts). 

99. TitaniferouB Iron (Titanic Iron-ore, Hmenite, Crichtonite), 
— Rhombohedral, isomorphous with specular iron. Crystals 
imbedded singly, or attached in groups. Also massive, in 
granular lamellar aggregates, or dispersed in grains. Cleavage 
sometimes rhombohedral. Fracture conchoidal to uneven. 
H.=5 — 6. S.G.=4-5 — 5. Colour iron-black to brown or 
steel-grey. Streak black to brownish-red. Lustre semi- 
metallic. Opaque. Cp.=Ti and Fe in various and probably 
indefinite propoi'tions, sometimes with some Mn, or Mg. It 
will be seen that this composition admits of a near approach to 
that of hematite, and in truth the division between the two is 
not very definitely marked. Bp. infiisible, with fluxes gives 
the reactions of iron and titanium. K heated in concentrated 
sulphuric acid, it gives a blue colour. Soluble with difficulty 
in muriatic or nitric acid, titanic acid being separated. 

Titaniferous iron is an accessory ingredient in many rocks, 
especially in basalts and dolerites, also in talc-mica-schist 
(Gastein), miascite (Ilmensee near Miask), granite (Aschaf- 
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fenburg). Very frequent in river deposits (Menaccan in 
Cornwall). 

100. Braunite. — ^Dimetric. Crystals usually small and in 
pyramids resembling the octahedron, clustered in geodes and 
in granular aggregates. Cleavage pyramidal, tolerably per- 
fect. H. =6— 6-5. S.a. =475--4-82. Colour iron-black to 
brownish-black. Streak black. Lustre metallic, resinous. 
Opaque. Cp. = Mn or MnMn. Bp. infusible. With borax, 
phosphor-salt, or soda gives the reaction of manganese. Soluble 
in muriatic acid, chlorine being evolved in the process. 

Braunite occurs sometimes sbs an accessory in other rocks, 
chiefly, however, in veins. (In the porphyry of Oehrenstock 
near Ilmenau, Elgersburg in Thuringia.) This mineral and 
similar manganese products very frequently form dendritic 
coatings to the faces of clefts in rocks. These dendritic forma- 
tions are usually exfiltrations from the mother rock. 

101. Hausmannite (Braunstein). — ^Dimetric. Crystals always 
pyramidal, grouped in geodes. Cleavage basal, tolerably per- 
fect, pyramidal less distinct. H. = 5 — 5*5. S.G.=4*7. Colour 
iron-black. Streak brown. Lustre bright metallic. Opaque. 
Cp. = MnMn. Bp. like oxide of manganese. Soluble in 
muriatic acid, with disengagement of chlorine. In concen- 
trated sulphuric acid, after a short time, assumes a bright red 
colour. 

Hausmannite is usually found in separate beds (Ilmenau in 
Thuringia, Ihlefeld in the Harz), and would appear to be in 
almost all cases a hydrogenic product, Mn having been first 
dissolved in spring and other water, and having afterwards 
absorbed more oxygen from the air. Daubr^o has, however, 
shown the possibility of producing hausmannite by the reaction 
of water in the state of steam upon chloride of manganese at a 
red heat. 

102. PoUanite. — ^Trimetric. Crystals usually in short prisms. 
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vertically striped. Also massive in granular aggregates. 
Cleavage brachydiagonal. H.=6*5— 7. S.G.=4-84— 4*88. 
Colour Kglit steel-grey. Streak black. Lustre black metallic. 
Opaque. Cp.^Mn. Bp. invisible ; on charcoal changes to 
brown MnMn. Soluble in muriatic acid, with brisk effer- 
vescence of chlorine. 

Pyrolusite is sometimes a modification of polianite, sometimes 
a product of the transmutation of manganite, a mineral which 
we shall presently notice. The manganite is a compound of 
& and water, and it has a strong tendency to part with its 
water and absorb oxygen. Polianite is frequently found in 
beds of the manganese-ores (Flatten in Bohemia, Johanngeor- 
genstadt. Saxony). Pyrolusite is found in the same localities, 
or associated with iron-ores (Siegen, in many parts of France). 

103. Gasdterite {Tm-ore, Tinstone), — Dimetric. Crystals in 
short prisms or pyramids, very often twins, imbedded or at- 
tached ; also massive, granular, or fibrous (wood-tin). Cleav- 
age prismatic, imperfect. Brittle. H.=6 — 7. S.G.=6*3 — 7'1. 
Colour usually yellowish-, reddish-, or blackish-brown ; rarely 
colourless. Streak colourless or brownish. Lustre adaman- 
tine or resinous. Translucent to opaque. Cp.=Sn, usually 
with some Fe, Mn, Si, and Ta. Bp. unchangeable, on charcoal 
with carbonate of soda reducible to metallic tin. Not affected 
by acids. 

Tin-ore is principally found in metalliferous veins, also as 
an accessory, and especially so in plutonic rocks (greissen, 
granite, and tourmaline rocks). Wolfittm, tourmaline, beryl, 
and topaz are almost always associated with this mineral. 

Tin-ore in nature is doubtless in many cases a product of 
wet processes (we find pseudomorphs after felspar in Corn- 
wall) ; but Daubree has also proved that crystallised oxide of 
tin may be formed by the action of steam on ftimes of chloride 

of tin. 

F 
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104. Butile (Nigrme), — ^Dimetric. Crystals always oolximiiar, 
fpeqnently very thin, acicular and capillary, imbedded and at- 
tached, frequently twins ; also massiye, compact, or granular. 
Cleavage prismatic, perfect. Fracture conchoidal. H.=6 — 6*5. 
S.G.=4*18 — 4'25. Colour yellowish- or reddish-brown to black 
(nigrine). Streak yellowish-brown. Lustre metallic adaman- 
tine. Translucent to opaque. Cp.=Ti, with small quantity 
of Fe. Bp. unchangeable ; with borax gives reaction of 
titanium. Not affected by acids. 

Rutile occurs only as an accessory ingredient in rocks ; 
chiefly in greenstones and diorites, rarely in granite (Warwick 
in America) ; gneiss and mica-schist (Barre and Shelburne in 
Massachusetts) ; or in granular limestone (Edenville in New 
York). 

Daubr^e has produced crystallised titanic acid by the action 
of steam upon frimes of chloride of titanium. 

(h) HYDROUS OXIDES. 

105. Manganite. — Trimetric, sometimes hemihedral. Crys- 
tals always columnar and distinctly marked with vertical 
stripings, frequently grouped in bundles or clustered in the 
form of geodes. Also massive in fibrous, divergent, rarely in 
granular aggregates. Cleavage, brachydomatic very perfect, 
basic and prismatic imperfect. Somewhat brittle. H.=4. 
S.G.=4'2 — 4*4. Colour dark steel-grey to nearly iron-black, 
frequently brownish-black. Streak brown. Lustre imper- 
fectly metallic. Opaque. Cp.=MnH. Bp. in matrass yields 
water, with borax gives reaction of manganese. Perfectly 
soluble in concentrated muriatic acid, chlorine being disen- 
gaged. Slightly soluble in sulphuric acid, which colours it 
pale red. 

Manganite is found in separate beds with other manganese- 
ores (Ihlefeld in the Harz, Bmenau and Oehrenstock in 
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Thuringian Forest). We have already noticed the tendency 
of manganite to change into pyrolusite. 

Pailomelane and Wdd are two hydrous ores of manganese, 
occurring firequently with other manganese ores, or as acces- 
sories in rocks. They are crystalline, also amorphous, some- 
times massive, in reniform, stalactitic, lamellar, and earthy 
varieties. Cp. (of psilomelane) = BMn* + H, with Mn, Ba, 
K ; (of wad) very variable, so that it is hardly to be called an 
independent mineral : consists principally of Mn, Mn, and 
H, with variable proportions of Ba, Ca, Cu, Co (earthy cobalt 
orasbolan). 

106. Lvmonite (Brovm Iron-ore, Brown Hematite), — Subcrys- 
talline. In fibrous masses of globular, reniform, or stalactitic 
shape. Also compact or earthy. H. = 5 — 5*5. S.G.=3'6 — 4. 
Colour, clove-brown to yellowish- or blackish-brown, black. 
Lustre silky, shining or dull. Opaque. Cp. = Fe2H*. Bp. 
becomes black and magnetic, is fusible in thin laminas. With 
borax it gives reaction of iron. Soluble in heated nitric 
acid. 

Limonite is a very abundant mineral, sd&etimes in inde- 
pendent beds, sometimes as an accessory. 

Gothite or Stilpnosiderite (FeH) is a mineral very closely 
aUied to limonite and frequently associated with it. 

II. Fluorides and Chlorides. 

107. Convmon Salt {Bock-salt), — Monometric. Crystals 
always cubic ; usually in granular or fibrous aggregates or 
massive. Cleavage cubic, very perfect. Fracture conchoidal. 
Slightly brittle. H.=2-5. S.a.=2-1— 2*2. Colourless or 
grey, or yellowish, or reddish ; rarely blue or green. Lustre 
vitreous. Transparent. Taste pure saline. Cp.=NaCl, 
very often impure, containing F, Br, KCl, MgCl, and other 

W 2 
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salts. Soluble in 3*7 parts of water. liquefies on exposure 
to moist atmospheres. Bp. decrepitates in matrass ; ^es on 
charcoal and evaporates with strong heat; tinges the flame 
reddish-yellow, and if combined with microcosmic salt and 
oxide of copper, it gives a beautifal blue flame. 

Bock-salt is frequently met with as an independent rock in 
sedimentary formations of every age. It also occurs as an 
accessory ingredient in clay marls of the salt mountains 
(Berchtesgaden) where it is in the form of cubic crystals 
porphyritically imbedded. In each case it is a neptunian 
product. It is found in a state of solution in sea- water, which 
contains about 2*5 per cent of salt. It occurs in the steppes, 
in the sand of the Desert, in inland springs and lakes, and 
finally as a sublimation at the craters of volcanos. We shall 
have occasion to mention rock-salt again amongst the rocks. 

108. SaUammomac. — ^Monometric, usually in uncrystalline 
crusts, stalactites, or as an earthy coating. The crystals have 
conchoidal fracture. H.=l — 1*5. S.G.=1*5. Colourless, or 
coloured yellow or brownish. Taste saline and pungent. Cp.= 
NH^Cl. Easily soluble in water. Bp. in matrass evaporates 
entirely; with soda emits a strong smell of ammonia. K 
melted with phosphor-salt and oxide of copper, it colours the 
flame a beautifal blue. 

Sal-ammoniac occurs as a product of sublimation in the 
clefts and fissures of volcanic rocks, and many lavas, also in 
burnt seams of coaL 

109. Fhior (Fliwr-spar). — ^Monometric. Cubic form very 
frequent. Crystals single or in groups, attached, also massive, 
in coarse granular and radiated aggregates, or amorphous and 
earthy. Cleavage octahedral, perfect, so that the conchoidal 
freuctare is seldom observable. Brittle. H. = 4. S.G.= 
3-14 — 3*19. Colour blue, yellow, green, and various. Some- 
times colourless and limpid. Lustre vitreous. Transparent, 
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transliLcent, opaque. Cp.=CaP. Bp. decrepitates violently, 
shows phosphorescence, and in thin la-Tninm fdses to a clouded 
mass, tinging the flame red. In a stronger flame the fdsed 
product becomes in^ible, and acts like lime. Is completely 
decomposed by concentrated sulphuric acid, giving forth hydro- 
fluoric acid. 

Fluor-spar forms independent rocks of subordinate extent. 
It occurs most frequently in metalliferous veins, from which it 
has occasionally spread into the mother rock. In dolomite it 
sometimes occurs as an accessory (St. Gotthard), and in geodic 
cavities of the variegated sandstone at Waldshut. It is also 
met with as a recent deposit from springs of water (Plom- 
bieres). The last mentioned case proves that fluor-spar may 
be produced by purely wet chemical process. 

110. Cryolite, — Trimetric (?). Hitherto only known in 
amorphous single masses or thick crusts of coarse granular 
texture. Cleavage basal, tolerably perfect. Brittle. H.= 
2-5. S.G.=2*9 — 3*0. Colourless, greyish- white, or reddish. 
Lustre vitreous, on the basal cleavage face mother-of-pearl. 
Translucent. Cp.ssNaF+^AI^F^. Bp. very readily fdses to a 
white enamel, tinging the flame reddish-yellow. In glass tube 
gives the reaction of fluor ; on charcoal also it fuses easily, 
but is decomposed, and leaves a deposit of alumina. In con- 
centrated sulphuric acid it is perfectly soluble, giving forth 
hydrofluoric acid. 

Cryolite occurs in a separate bed or layer in the gneiss of 
Arksutfiord in West Greenland. 

III. Sulphurets. Arseniurets. 

111. Galena (Bhie Lead-ore). — ^Monometric. Very usual in 
cubes, more rarely in rhombic dodecahedrons, octahedrons, 
and other forms. Crystals usually attached, clustered in 
geodes, also botryoidal and reniform. Chiefly massive in coarse 
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and fine grained or compact aggregates. Cleavage cubic, very- 
perfect. SectHe. H.=2-5— 275. S.G.=7-25— 77. Colour 
lead-grey, sometimes with tinge of reddish colour, sometimes 
iridescent on the sur&^^e. Streak greyish-black. Lustre me- 
tallic. Opaque. Cp.=PbS, with frequently a small quantity of 
silver, or also of Fe, Se, Sb. Bp in glass tube, evolves sulphur 
and a sublimate of PbS. On charcoal decrepitates, fuses after 
the sublimation of the sulphur, and finally yields a lead globule 
and lead fumes. Soluble in nitric acid, with development of 
nitrous acid and precipitate of sulphur. 

Gulena is met with as an accessory in many rocks, e.g. 
sandstones (in the form of disseminated grains — Commem in 
the Eifel) ; in the argillaceous sphaerosiderite of the Coal for- 
mation, and elsewhere. Very frequently in veins of ore (in 
the gneiss of Freiberg, in the Devonian strata of the Harz, 
in mountain limestone of Derbyshire and Cumberland, in 
granite of Linares) ; also in nests and irregular masses im- 
bedded, which are usually met with in limestone or dolomite 
(Tamowitz in Silesia, Bleiberg in Carinthia, Alpujarras in 
Spain). 

Although galena may very frequently be of hydrogenic 
origin, it is not less certainly in many cases a product 
of subHmation ; artificially it is formed in the cracks of 
furnaces. 

Gulena has given rise to many secondary products, such as 
cerusite (PbC) ; pyromorphite (SPb^P+PbCl) ; and mime- 
tisite (3Pb3As + PbCl). 

112. Blende (Zinchlende, Sphalerite). — Monoclinic, tetra- 
hedral. The crystals frequently irregularly twisted, some- 
times twin growth ; often massive, in granular, rarely in 
fibrous or radiated aggregates. Cleavage very perfect ac- 
cording to the rhombic dodecahedron. Very brittle. H.= 
3'5— 4. S.G. = 3'9 — 4i*2. Colour, most frequently brown or 
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bkck, more rarely yellow-red, white or colourless. Lustre 
adamantme to resinoiis. Semi-transparent to opaqne. Cp.=s 
ZnS, sometimes combined with considerable quantities of FeS 
(up to 23 per cent) and a Httle cadmium. Bp. decrepitates 
yiolently, but is only ^ible at the sharp edges. On charcoal 
in the oxidation flame gives zinc fumes. Soluble in concen- 
trated nitric acid, with precipitate of sulphur. 

Its place and mode of occurrence in nature are similar to 
those of galena, which is almost always associated with it. It 
has been likewise fbund in the cells of ammonites of the 
brown Jura and Lias formations, a fact which proves its partial 
formation by wet processes. 

113. Cmnaha/r, — ^Rhombohedral. Crystals in rhombohedrons 
or thick tabular, small and in geodes. Usually massive, in 
granular, compact or earthy aggregates, dispersed or incrust- 
ing. Cleavage prismatic. Fracture uneven and splintery. 
Sectile. H. =225. S. G. = 8*99. Colour cochineal-red and 
scarlet ; streak scarlet. Lustre adamantine. Translucent ; 
opaque. Cp.ssHgS. Bp. in matrass bums black ; in open 
tubes sulphur bums with a blue flame, and sublimes, yielding 
fumes of sulphurous acid with black sublimate and a mirror 
of metallic mercury. Soluble in nitro-muriatic acid (aqua 
regia). 

Cinnabar forms independent beds, appears as impregnation 
of bituminous shale, or in veins (Idria), also forms incrustation 
on clefts of many kinds of rock (granite, clay-slate). 

114. Magnetic Pyrites. — Hexagonal ; rarely crystallised, 
usually massive and disseminated, in lamellar, granular or 
compact aggregates. Cleavage basal, perfect ; prismatic im- 
perfect. Fracture conchoidal. H. = 3-5 — 4i-5. S.G.=4*4 — 
4*7. Colour between bronze-yellow and copper-red ; streak 
grey-black. Magnetic. Lustre metallic. Opaque. Cp.= 
Fe^S*, sometimes contains Ni. Bp. unchangeable in matrass ; 
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in glass tube gives ont S, but no sublimate ; on charcoal fiises 
in reduction flame to a greyish black and highly magnetic 
bead. Soluble in muriatic acid, sulphuretted hydrogen being 
developed, and sulphur precipitated. 

Magnetic pyrites occurs with metallic ores, also as an acces- 
sory ingredient in many igneous rocks, especially diorite, in 
Vesuvian lavas and in meteorites. 

115. Pyrites (Iron Pyrites). — ^Monometric, in various hemi- 
hedral combinations. Crystals singly imbedded, or combined 
in geodes and various groups ; also in globular and reniform 
or fibrous aggregates, or massive. Cleavage cubic, imperfect. 
Fracture conchoidal to uneven. Brittle. H.=6 — 6*5. S.G.= 
4' 8 — 5. Bronze-yellow to gold-yellow. Streak brownish- 
black. Lustre metaUic. Opaque. Cp.=FeS^, with occasion- 
ally small quantities of Au or Ag. Bp. in matrass gives out 
sulphur and sulphurous acid, and afterwards acts like magnetic 
pyrites. Scarcely affected by muriatic acid. Soluble in nitric 
acid, leaving a precipitate of sulphur. 

Pyrites is found in independent beds. It is also an essential 
constituent of the species of granite called beresite. It is a 
very frequent accessory ingredient in many rocks ; very fre- 
quent in the crystalline schists, in diorite, limestone, in clay 
rocks, in coal. It is no less frequent in metalliferous veins. 

Pyrites is sometimes formed by the action of a solution of 
copperas on organic substances, and this will account for its 
often being found in the form of fossils. Wohler has produced 
artificial pyrites by slowly heating oxide of iron, together with 
sulphur and sal-ammoniac. 

116. Marcasite (White Iron Pyrites, Hydrous Pyrites). — 
Trimetric. Crystals tabular or columnar, usually clustered 
into groups termed radiated pyrites, spear pyrites, hepatic 
pyrites, cockscomb pyrites, cellular pyrites, according to vary- 
ing texture. Cleavage prismatic, indistinct. Fracture uneven. 
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Brittle. H.=6 — 6*5. S.G.=4*6 — 4*8. Colonr greyish bronze- 
jellow, inclined to green ; tarnishes very readily. Streak dark 
greenish-grey. Lustre metallic. Opaque. Cp. Hke pyrites, 
but more prone to decompose and turn to vitriol. Bp. like 
pyrites. 

Marcasite is found in separate beds, and as an accessory 
mineral (Browncoal formation of the Carlsbad region, dolo- 
mites of Tharandt in Saxony, and Cornwall). 

117. Leticopyrite. — ^Trimetric, usually massive and dissemi- 
nated, granular, or fibrous. Cleavage basal. Fracture uneven. 
Brittle. H.=5— 5-5. S.G.=7— 7*4. Colour silver-white, 
merging into steel-grey. Streak black. Lustre metallic. 
Opaque. Cp.=FeAs^, almost always with some sulphur, 
owing to admixture of mispickel. Bp. iu matrass yields sub- 
limate of metallic arsenic ; on charcoal strong smell of arsenic, 
and a black magnetic residuum. Soluble iu nitric acid, with 
a separation of arsenious acid. 

Leucopyrite is an accessory in many rocks, especially in 
serpentine (Beichenstein in Silesia), and iu metalliferous veius. 

118. Mispickel {Arsenofyrite), — ^Trimetric. Crystals usually 
short prisms, or tabular, singly imbedded, or attached iu 
groups; also massive, in granular or fibrous aggregates. 
Cleavage prismatic, rather distinct. Fracture uneven. Brittle. 
H. =5*5— 5*6. S.G.=6 — 6*4. Colour silver- white, inclining to 
steel-grey. Streak black. Lustre metalHc. Opaque. Cp. = 
FeS*4-FeAfl. Several varieties contain Ag (Weisserz), Au, or 
Co (Kobalt-arsenkies). In matrass gives first a red, afterwards 
a brown subhmate of sulphuret of arsenic, finally a subHmate 
of metallic arsenic. On charcoal the arsenic is dissipated, and 
leaves a black magnetic bead, which acts like magnetic pyrites, 
and sometimes gives cobalt reaction. Soluble in nitric acid, 
with separation of arsenious acid and sulphur. 

Mispickel is frequently met with iu veins of ore, is also an 
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accessory ingredient in many rocks, e.g. the crystalline schists 
(Kongsberg in Norway, Freiberg, Franconia in New Hamp- 
shire), and serpentine in various localities. 

119. Chalcopyrite (Copper Pyrites), — Dimetric. Tetrahedral. 
Crystals usually small, frequently of regular twin growth, often 
massive. Cleavage pyramidal, sometimes distinct. Fracture 
oonchoidal to uneven. Unlike pyrites,is very Kttle brittle. H,=: 
3-5 — 4. S.G.=4'1— 4j'3. Colour brass-yeUow, sometimes with 
tiamish of gold colour and iridescence. Streak black. Lustre 
metallic. Opaque. Cp.ssCu^S+Fe^S*. Bp. becomes black 
on Isooling, red, and fases at a strong heat to a magnetic bead 
of steel-grey colour ; with borax and soda gives a copper bead ; 
when moistened with muriatic acid tinges the flame a beautifdl 
blue. Soluble in nitro-muriatic acid (aqua regia) with separa- 
tion of sulphur. 

Chalcopyrite is a very frequent associate of pyrites. Is 
accessory in many rocks, e.g. tourmahne-granite, Predazzo, 
Tyrol. 

IV. Native Elements. 

120. 8ulpliw, — Trimetric. Crystals usually pyramidal, 
singly attached, or clustered in geodes ; also globular, reni- 
form, stalactitic ; with fibrous or compact structure. Cleavage 
basal and prismatic, imperfect. Fracture conchoidal to uneven, 
and splintery. Not very brittle. H.=l-5— 2-5. S.G.=2. 
Colour sulphur-yellow to straw-colour, or yellowish-grey. 
Lustre resinous ; on crystal surfaces adamantine. Transparent, 
translucent. Cp.=S, frequently mixed with clay or bitumen. 
Bp. sublimates in matrass ; inflammable, and bums with blue 
flame to sulphurous acid gas. 

Sulphur occurs as an accessory in rocks, and also as a sepa- 
rate formation in beds. It is formed by sublimation in the 
clefts of volcanoes, also in the neighbourhood of burning coal 
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seams. Sometiines it is the product of the decomposition of 
metallic solphnrets, or of the sulphuretted hydrogen of some 
spring waters, which are decomposed by contact with the 
atmosphere, and form deposits of sulphur. 

Artificial crystals of sulphur may be produced in great per- 
fection by dissolying sulphur in sulphuret of carbon, and set- 
ting it to crystallise at ordinary temperature. Monochnic crys- 
tals of sulphur, which have not as yet been observed in nature, 
are obtained on the cooling of melted sulphur. 

121. Cfraphite (Flwrnbagd), — ^Hexagonal, rhombohedral, usu- 
ally in six-sided, thin tabular or short prismatic crystals ; also 
massive, in radiated, lamellar, or compact aggregates. Cleav- 
age basal, very perfect, prismatic imperfect. Very sectile, 
flexible in thin laminsB. Feel greasy. H.=l — 2. S.G.=: 
2*09. Colour iron-black to grey. Streak black, with metalHc 
Ixistre, soils paper, used for pencils to draw and write with. 
Opaque. Cp.=C, with some iron, and often containing im- 
purities of Si, Ca, and Al. Bp. bums with difficulty. K heated 
with saltpetre, puffs up slightly. 

Gb^phite is sometimes found in separate beds, and is then 
probably the final product of the transmutation of vegetable 
remains. It is, however, also found as an accessory ingredient 
in igneous rocks (in trap at Borrowdale, Cumberland, in por- 
phyrite at Elbingerode in the Harz, in granite boulders, Green- 
land) ; in limestones (Lower Styria, Fichtelgebirge), or in 
metalliferous veins (Arendal) ; finally as an essential consti- 
tuent of graphite-granite, graphite-gneiss, graphite-mica-schist. 
The igneous origin of some graphite may be inferred from its 
presence in fiimace slags, where it sometimes occurs in the 
form, of thin lamineB. 
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V. Kesins. Organic Compounds. 

122. Amber (Yellow Mineral Eesm). — ^It is exclusively found 
in rounded masses of the sliape of drops or fluid substance, 
and frequently insects and fragments of plants are enclosed in 
it. Fracture perfectly conchoidal. Little brittle. H.=2 — 2*5. 
S.G.=1*1. Colour yellow or brown in various shades, fre- 
quently with flame-shaped pencillings. Lustre resruous. Trans- 
parent, translucent. When rubbed, becomes negatively electric. 
Cp.=C^®H*0. Bp. fiisible, burns with a clear flame, and 
agreeable smell. 

Amber is a fossil gum-resin, the product of coniferse or ter- 
tiary hgnites. It is found as an accessory in strata of the 
Upper Chalk formation (Lemberg), the planercoal (Skutschin 
Bohemia), in pebbles in the diluvium and alluvium of North 
Germany, on the coast of the Baltic, and of Yorkshire and 
Essex. 

123. Bitvmen (Asphalte, Najphtha, Petroleum, Mineral Pitchy 
Mineral Oil), 

Under the term bitumen are included a whole series of olea- 
ginous and pitch-Hke substances, of which the most important 
are naphtha and asphalte. 

(a) Naphtha, a volatile, and, when pure, colourless, oil with 

bituminous smell. S.G.=07 — 0*84. Cp.=C^BP, fre- 
quently mixed with paraffine, asphalte and the like. 

(b) Asphalte, a hardened mineral pitch without oil ; massive 

with perfect conchoidal fracture. Colour pitch-black. 
Lustre resinous. Opaque. When rubbed gives a 
strong bituminous smell. Cp. = C, 0, and H in un- 
certain proportions. Easily ignited, burning with a 
bright flame and thick smoke. 
Naphtha flows from the ground in considerable quantities 
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(Persia, Pennsylvania, Amiano in Parma, Canada, Cali- 
fornia, &c.). 

Asphalte is fonnd in many localities (e.g. at the Dead Sea ; 
Trinidad, where there is a complete pitch-lake ; at Poldice in 
Cornwall it occnrs in granite). 

An intermediate substance between naphtha and asphalte is 
elastic mineral pitch or elaterite (Castleton in Derbyshire). 

All these bituminous substances are of vegetable or animal 
origin, partly products of distillation of organic remains. They 
frequently occur as admixtures in shales and other rocks, 
which have received the name of bituminous ( Autun in France, 
Bonn, Markersdorf in Bohemia, &c.) 

124. Mellite (MelUUte, Honey Stone). — ^Dimetric, usually in 
pyramidal crystals, singly imbedded. Cleavage pyramidal, very 
imperfect. Fracture usually conchoidal. Somewhat brittle. 
H.=2— 2-5. S.G. = 1'5— 1-6. Colour honey-yellow to wax- 
yeUow, seldom white. Lustre resinous. Semi-transparent to 
translucent. Cp.= Al(C*0^)+18H. Bp. it carbonises with 
smell of burning ; on charcoal bums to a white ash, which acts 
like pure alumina. It is readily and completely soluble in 
nitric acid. 

Mellite occurs as an accessory ingredient in Browncoal 
(Artem in Thuringia, Luschitz in Bohemia). 
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CHAPTER 11. 

ANALYSIS OP ROCKS. 



MICROSCOPIC ANALYSIS. 

It not unfrequently happens that the various mineral 
ingredients of a composite rock are so small and inti- 
mately blended together as to be entirely undistinguish- 
able even to the practised eye unaided by magnifying 
power. A simple lens will often render great service in 
this respect, but the aid of magnifying power may be 
carried much further with the microscope. For the mi- 
croscope very thin plates of a rock, so thin as to be 
somewhat transparent, are cemented on glass, and by the 
aid of a powerful instrument, textures apparently quite 
compact are frequently resolved into a web of minute 
crystals, or we find individual crystals become prominent 
(porphyritic) in an actually compact matrix. The form of 
these minute crystals is sometimes to be recognised, and 
so serves as a guide to the determination of the mineral 
in doubtful cases. If we further call in the assistance of 
polarised light, we are enabled to pronounce, with greater 
certainty, on the amorphous or crystalline character of the 
compact mass, and on the character of the crystals which 
by these means are brought to view. 

Delicate investigations such as these no doubt require 
the assistance of complicated apparatus and demand time, 
so that they are quite out of the question for the geologist 
on his travels ; but as we have said, much may be dis- 
covered by a simple lens, which for the practical geolo- 
gical purposes of the general inquirer is in most cases 
suflScient. 

MAGNETIC ANAI.YSIS. 

An admixture of magnetic iron-ore makes many rocks 
magnetic in their entirety, so as to affect the magnetic 
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needle, or if the iron-ore be present in small quantities 
only, it may be discovered by abrasure with a sharp- 
edged magnet, the magnetic particles of the powder so 
formed clinging to the magnet like a beard. As, how- 
ever, magnetic iron-ore occurs in many very different 
rocks, its discovery does not often afford much help to the 
geologist in determining the character of any given rock. 
Fostemann and Delesse have made careful investiga- 
tions of the magnetism of many different rocks. The 
former is of opinion that by means of careful magnetic 
experiments, we ought to be able to ascertain whether a 
rock be of volcanic or neptunian origin, whether it has 
been rendered metamorphic by heat, whether it has re- 
tained its original position or been subsequently displaced 
(vide PoggendorfTs Annalen, 1859, vol. cvi. p. 106). 
Delesse had previously discovered that almost all igneous 
rocks were somewhat magnetic as well as many sedi- 
mentary and metamorphic rocks. (Annales des Mines, 
1849, vol. XV. p. 1, and Bulletin de la Soc. G^ol. de 
France, 1850, vol. viii. p. 108.) 



CHEMICAL ANALYSIS. 

The geological interest attaching to the chemical ana- 
lysis of rocks is chiefly in respect of the nature of their 
origin. 

In the early stages of the science the analysis of com- 
posite rocks was conducted by mechanically separating, 
as far as possible, their several mineral ingre^ents, and 
analysing each mineral species individually; and this 
method is still sometimes adopted where the parts are 
very distinct and easily to be separated. Compact rocks, 
such as basalt, were mostly considered as simple mineral 
substances, and so analysed. When, however, it came to 
be recognised that many apparently homogeneous rocks 
were but mechanical compounds of several minerals, 
chemical analysis was directed to the discovery of these 
mineral constituents too intimately mixed to be distin- 
guished by the eye. 

Gmelin introduced the method of treating a powdered 
mass of rock vrith muriatic or other acid, and so sepa- 
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rating it into a part soluble, and another part insoluble in 
such acid. These two parts he separately analysed, and 
reduced the results into chemical formulae. The object 
he had in view was chiefly to discover the mineral con- 
stituents of the rock. But this mode of analysis is in- 
adequate for the purpose, since few minerals are wholly 
soluble, or wholly insoluble, in acids, and therefore, in- 
stead of the several minerals being separated from each 
other, a part of each is dissolved and a part of each left, 
and no definite result as to the original structure can be 
attained. It is found that even the elementary consti- 
tuents cannot be successfully so divided ; but that some 
elementary substances are only partly dissolved and partly 
precipitated by the process. Nevertheless, as a rough 
approximate, and somewhat empirical mode of suggesting 
rather than proving the constituents of a rock, it is still 
sometimes employed, and may in certain cases be of use. 

As the chemical character of minerals came to be better 
known, less reliance was placed on chemical analysis as 
a means of ascertaining and distinguishing the mineral 
ingredients of rocks. A small number of elements are so 
universal in their character that they enter into the com- 
position of a very large proportion of the whole series of 
mineral bodies, a very slight variation in their propor- 
tionate quantities or combination serving to produce en- 
tirely different minerals, or even the very same elements 
in the same relative quantities wearing a totally different 
mineral aspect according to slight differences in the con- 
ditions of their original formation. Therefore it is that 
chemical analyses have always hitherto failed, and it 
would appear that they must always fail, to detect many 
important mineral differences. 

For instance, a rock containing 72 silica, 11 alumina, 
2 '8 oxide or protoxide of iron, 1 lime, 1'2 magnesia, 1*2 
potash, 2 soda, and 0*4 water, may either be a granite, or 
a gneiss, protogine, granulite, quartz-porphyry, felsite, 
petrosilex, pitch-stone, trachyte-porphyry, obsidian, or 
pearlstone ; and if we take a wider margin for the propor- 
tion of silica, say from 62 to 72, increasing some of the 
other ingredients in proportion, then a rock, such as we 
have described, may be a trachyte, phonolite, or minette^ 
for in all the rocks we have named similar values of their 
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elementary constituents occur. Again, a rock, containing 
49 — 50 silica, 12 alumina, 5 — 10 oxide or protoxide of 
iron, 5 lime, 2 — 3 magnesia, 1 potash, 2 soda, and — 1 
water might just as well be a dolerite as a basalt, or a 
nepheline rock, leucite rock, diabase, diorite, gabbro, 
hypersthenite, melaphyre, or porphyrite, for in like 
manner those values occur in all these rocks. 

On the other hand rocks, the same in mineral composi- 
tion, may vary in the values of their chemical or elementary 
ingredients 10, 20, or even 40 per cent. 

The mineral character of rocks is therefore now sought 
to be determined in doubtful cases by microscopic rather 
than chemical analysis, or by tracing the different stages 
of a rock's transition from a compact into a distinctly 
composite state ; for many rocks (as we shall later have 
occasion to show) are found to pass by gradual stages 
from an apparently homogeneous mass into states where 
their mineral ingredients become distinctly and separately 
developed so as to be readily recognised. 

Whilst chemical analysis was thus found insufficient for 
determining the mineral character of a rock, it derived 
a new importance from the igneous theory of the consti- 
tution of the primary rocks, when these came to be con- 
J^ Bidered as the products of the consolidation of a general 
molten mass once the sole material of the earth's structure. 
The different minerals then came to be regarded as of 
subordinate importance in inquiring into the origin of 
rocks, and their differing forms of crystallisation or 
structure to be regarded but as accidental consequences of 
slightly different circmnstances attending the consolidation 
of the formerly fused mass. 

In this view even the sum of a separate analysis (if it 
were possible) of all the minerals constituting a rock 
would fail to present a complete picture of its aggregate 
oil chemical character, unless the exact proportionate quan- 
t€ tity of each mineral could be also ascertained, which is 
or practically impossible, although it has been sometimes 
or- roughly attempted. 

the These considerations led to the present mode of analy- 
se sis, which is now usually adopted in the case of all rocks 
tte. indiscriminately, whether compact or granular, homo- 
leii! geneous or distinctly composite. This is what is termed 

a 
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in German the ^ Bausch analyse ' (or collective average 
analysis). It consists in pulverising a number of repre- 
sentative specimens carefully selected from various parts 
of the rock, and in mixing the powder thus obtained so 
thoroughly as to make the portion taken for the analysis 
a fair average sample of the whole rock. 

The results of these analyses are sometimes combined 
into chemical formulae such as those by which minerals 
are described. For instance : — 

3(R)Si + 2RSi, 
or(R)2Si3 + R2Si». 

In such formulae we need hardly say there is always 
more or less of speculation or theory involved. 

Tlje idea is to arrive at a view of the chemical consti- 
tution of the original molten mass, and chiefly in the first 
instance of the preponderance of the silica or other acid 
in the compound. In other words, the object is to ascer- 
tain if the original compound forming the rock, when in 
its previous molten state, were acidic or basic in its 
chemical character. It has been sought to express the 
same idea more simply by giving the proportion of the 
oxygen contained in the acids to that contained in the 
bases of the compound. Thus if, in a compound say of 
silica, alumina, peroxide of iron, potash and soda, the 
silica contain 3 parts of oxygen to 1 of silicon, and 
the alumina and peroxide of iron 1^ oxygen to 1 of 
aluminum and iron respectively, the potash and soda 1 of 
oxygen to 1 of potassium and sodium respectively, the 
oxygen quotient in a neutral compound would be 

3 : H : 1 

(a proportion which has been actually found to obtain in 
some rocks), and any variation of this proportion on either 
side would cause the compound to assume an acidic or a 
basic character ; thus, 

5 : H : 1 

would constitute an acidic compound, and 
3:3:2 

would constitute a basic compound. 

Bunsen endeavoured to set up two typical rocks, to be 
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termed the trachytic and the pyroxenic, the former con- 
taining much silica (acidic), the latter a preponderance of 
bases (basic). 

He endeavoured to bring all the igneous rocks under 
one or other of these two heads, but soon found many 
rocks of intermediate character. These he regarded as 
mixtures of the two, or rather as the result of a combina- 
tion of the two kinds of original material which he 
believed to have existed at their formation. 

He suggested the idea of the existence of two great 
furnaces in the interior of the globe, containing these two 
different mixtures in a molten state ; an idea which has, 
however, not met with much general favour or acceptance. 

Others have suggested, with more plausibility, that at 
the time when the whole earth was fluid, its component 
parts would be in some degree separated according to 
their specific gravity, and the silica being the lightest of 
the very abundant ingredients of the mass, would prevail 
in greatest quantity at and near the surface, so that the 
rocks which were first consolidated and the earlier volcanic 
rocks would be acidic, the next formed igneous rocks 
would be more basic, containing chiefly the lighter bases, 
such as alumina, potash, soda or lime ; whilst the latest or 
most recent igneous rocks would contain the least silica, 
and principally the heavier bases, e.g. iron. It has also 
been suggested that the older igneous rocks, as having 
been formed nearer to the surface of the globe, would 
probably contain more water than those of later origin. 

These, then, are the chief problems which have been 
suggested for solution by chemical means. The most 
simple and useful of the chemical differences is that of the 
varying proportion of silica. This quantity when ascer- 
tained forms a clue to the proportion of the other ingre- 
dients and general chemical character of the rock. Scheerer 
has lately proposed that all* the igneous rocks should be 
divided into nine or ten classes, according to their quan- 
tity of silica, without regard to their mineral character. 

He has pointed out an easy mode of ascertaining the 
proportion by fusing the portion of the powdered rock 
selected for analysis with a certain proportion of carbonate 
of potash or soda (about five times its weight). So much 
of the silica as is more than the proportion required for a 

o 2 
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neutral compound will combine with the potash or soda of 
the carbonate salt, and drive off a proportionate quantity 
of carbonic acid so that from the quantity of carbonic acid 
so driven off, the quantity of silica contained in the 
original rock may be calculated. 

Without pronouncing on the correctness of any of the 
foregoing speculations*, we may however confidently say 
that for the purpose of lithological classification, an ex- 
clusively chemical grouping of rocks would be utterly 
impracticable. How should the geologist pursuing his 
labours in the field, or on the mountain, wait for the 
tedious and uncertain process of a chemical analysis 
before naming the rocks which come under his ken ? We 
must, therefore, still adhere in the main to a mineralogical 
designation and nomenclature, and all the more, as in 
general we find the mineral characteristics of rocks very 
much coincide with geological phenomena. 

We need not, however, on this account disregard the 
results of chemical analysis, which are doubtless of the 
highest geological interest, and must prove of still greater 
value when they shall have been more fully and exten- 
sively carried out. 

We propose, moreover, to use these chemical properties 
for the purposes of our classification to the extent pro- 
posed by Bunsen of dividing the igneous rocks into two 
great classes, the acidic and the basic, merely warning 
our readers that there is, so far as our present knowledge 
extends, no rigid boundary between the two, and that 
the state of our analytical knowledge in general is still 
very imperfect. 

With these remarks we present the reader with the 
following extract from the analyses of Roth, as given in 
his masterly work on this subject (^ Gesteinsanalysen '). 
For the sake of brevity, the decimal figures have in some 
instances been omitted or shortened to one figure. 

* See post, pp. 367 et seq. 
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CHAPTER III. 

PHYSICAL STRUCTURE OF ROCKS. 



TEXTURE. 

By the term texture, as applied to rocks, we mean 
chiefly their physical structure, having regard to the size, 
shape, and mode of adhesion of their individual mineral 
particles. All rocks may be divided into two principal 
classes, in respect of the size of their component parts. 
Either the separate mineral particles of which they are 
composed are large enough to be recognised as such by 
the naked eye, or they are so small as not to be dis- 
tinguishable in the general mass. In the former case 
rocks are termed ^rawwZar, in the latter compact The 
word granular is, however, usually only applied when 
the different mineral parts are all of a granular shape 
of nearly the same size, and are crystallised into each 
other. If on the other hand a rock consists only of 
grains, pebbles, or fragments mechanically cemented 
together, it is termed according to its character either a 
sandstone (arenaceous), a conglomerate, or a breccia, which 
terms we shall explain more at large hereafter. 

The term compact is usually only applied to a rock 
when its particles adhere firmly and closely together 
(without being fused into one mass like glass). If the 
particles only lie loosely together so that the mass is 
friable, then that condition is called earthy ; if they are 
intimately blended and fused into a homogeneous mass, 
then the state is termed vitreous or opalescent. The 
vitreous and opalescent conditions are indeed essentially 
different from the ordinary compact and earthy condi- 
tions, inasmuch as in the former no individual particles 
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are found, whilst the latter at best are but very fine- 
grained. In extreme cases, however, this difference is 
only to be discovered with certainty by means of polarised 
light. 

Using the terms granular and compact in their 
wider sense, so as to include, on the one hand, the 
sandstones, conglomerates, and breccias ; and on the other 
the vitreous and opalescent rocks ; we may say that every 
rock must necessarily either be granular or compact — 
that is to say, we either can, or cannot recognise their 
individual component parts. A rock, for instance, 
which is granular cannot at the same time, in the same 
part, be compact, and vice versa. These conditions are 
inconsistent with each other ; although transitions occur 
from one state to the other, and although the same 
mineral combination may at one place be granular and 
at another compact. 

In the case of composite crystalline rocks formed by 
the cooling of matter previously in a state of igneous 
fusion, the coarse-grained, fine-grained, compact, or 
vitreous state is probably the result only of a more or less 
speedy process of cooling. The slower the cooling pro- 
cess, the more time would be allowed for the mineral 
parts to form themselves into separate crystals, and the 
more coarsely granular would the rock become ; the more 
speedy the process, the more compact the rock would be, 
or if the process were very rapid, then the rock might 
even become vitreous. 

The latter condition is almost exclusively confined to 
those igneous rocks, which contain a large proportion of 
silica ; in such as contain but little silica, the compact and 
the vesicular state seem to be substitutes for the vitreous. 
If individual mineral particles occur in the form of dis- 
tinct crystals (porphyritically) in an otherwise compact 
mass ; then we may regard this as a sort of intermediate 
state between the granular and compact — some of the 
mineral constituents, more prone to crystallisation than 
the rest, having developed themselves into crystals earlier 
and more vigorously than those. The very same dif- 
ferences of texture and condition may be frequently 
observed in the products of artificial melting at fur- 
naces. 
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In the case of compact rocks it is often very difficult to 
determine whether the undistinguishable particles have 
grown together in process of crystallisation, or are only 
mechanically bound together ; whether they consist only 
of one mineral substance or a combination of several. 

We now proceed to consider the special kinds of tex- 
ture, structure, or state. 

The texture of a rock is termed porphybitic when 
distinct crystals or crystalline particles are distributed 
through an otherwise compact principal mass or matrix. 
The texture of the matrix or principal mass need not, how- 
ever, always be compact ; it may be crystalline-granular, 
or may exhibit many varieties of texture. Accordingly 
the porphyritic texture may be subdivided into — 
(a) Porphyritic with compact matrix. — Rocks exhibiting 
this texture are called /?orpAync*, independently of 
the character of their mineral ingredients, 
(i) Porphyritic with granular matrix, — Kocks exhibiting 
this texture are not called porphyries y but only por- 
phyritic \ such for instance as many porphyritic 
granites, with large crystals of felspar in the gra- 
nular matrix, 
(c) Porphyritic with shaly or schistose matrix. — Mica- 
schist for instance, if it contains garnets, thereby 
becomes porphyritic. 
The crystals thus porphyritically disseminated in a rock 
may either belong to its essential constituents or they 
may be accessories only. 

Schistose (Foliated), Slaty (Cleaved), Shaly 
(Laminated), Fissile are terms expressive of different 
kinds of internal parallel texture of rocks. The German 
geologists have the one term ^ Schiefrig ' for all these 
varieties of texture, the common element in all of which 
is their tendency to split in the direction of a given plane. 
This tendency may, however, be the result of very dif- 
ferent causes, viz : — 

(a) By the parallel arrangement of certain minerals, such 

as mica, chlorite, talc, &c. eminently cleavable in 
one direction. Mica-schist is a rock of this 
character, and the texture is termed schistose or 
foliated. 

(b) By some cause or causes, not to be discovered by mere 
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ocular observation, the invisibly small mineral con- 
stituents or particles of the rock are arranged so 
as to produce a fissility or cleavage in the direc- 
tion of a given plane, which very often cuts at a 
considerable angle the plane or curved surfaces of 
stratification. The rock itself has frequently a 
compact appearance. The ordinary roofing slate 
is an eminent instance of this texture, which is 
termed slaty texture or cleavage, 

(c) By very thin parallel superposition or lamination of 
the fine particles of the rock. Thus a fissile tex- 
ture is developed in mud deposits, whether of marl, 
clay, or sand. This is in truth nothing but a kind 
of stratification on a small scale. The thin layers 
of the rock are not in themselves of a fissile tex- 
ture. Ordinary flagstones are of this character. 
Or a similar texture may be occasioned by the 
parallel juxtaposition of thin plates or lenticular 
particles of the ingredients of the rock, thus for in- 
stance the laminated texture of certain browncoals 
may be traced to their construction from an accu- 
mulation of actual leaves of trees, and a similar 
texture of certain amygdaloids is owing to the shape 
and position of the amygdaloidal particles. 

These and similar textures more or less origin- 
ating in the act and mode of deposition, and all of 
which have a tendency to split in the direction of 
their bedding, are called laminated or shall/, the 
rocks themselves shales. 

{d) Occasionally two of the above descriptions of texture 
occur together ; Jissile is a general term which 
may be applied to all or any of the above-named 
textures.* 

• When we wish to be precise, we speak of the ^foliation of schist,^ 
the ^cleavage of date, ^ and the ^lamination of shdle,^ — Jukes, 

See Jukes's Student's Manual of Geology (2nd edit.), pp. 266 — 277. 

See also Phillips's Manual of Geology (1866), p. 43, and in Glossary, 
under heads of date^ schist, shakj laminated^ flagstone, ^c. 

See also Page's Advanced Text-Book, 3rd edit. pp. 74, 81 ; also in 
Glossary under heads slate, sclmt, Jissile, laminated, flags, shale. 

See also Dana's Mauual of Geology, pp. 71, 93, 96, 96, 100, 101, 
218, 381, &c. 

All the aboye-named authorities agree, with very trifling excep- 
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As respects the different causes of the ahove mentioned 
varieties of the fissile texture, we have seen that the thin 
stratification productive of the laminated texture is in- 
variably the consequence of the original construction of 
the rock. But if rocks exhibit a slaty texture, which is 
not parallel to their bedding, this must have another 
origin than stratification. 

According to the opinions of Sharpe, Haughton, Sorby, 
and TyndaU, slaty texture or cleavage, when not iden- 
tical with stratification, has in most cases been caused 
by pressure in one direction (viz. at right angles to the 
cleavage plane), applied to the rock either during or sub- 
sequent to its formation — that is to say, during consolida- 
tion in the case of igneous rocks, during process of trans- 
mutation in the case of the crystalline schists, and after 
their deposition in the case of the sedimentary rocks, in 
which it therefore seldom coincides with the plane of 
stratification. (Vide Joum. GeoL Soc. of London, 
1848-1849, and Phil. Mag., 1856.) 

On the other hand, the conjecture of Poulet Scrope, 
that lamination and cleavage may have arisen from friction 
of some kind appears to us improbable. Nor can we 
subscribe to the view advocated by Sedgwick, in his 
otherwise masterly treatise on the structure of large 
mineral masses (Trans. Geol. Soc. 1835, vol. iii. p. 469), 
namely, that this texture is the result of a crystallising 
force, although his view has been partially adopted by 
Sharpe and Murchison. (Vide Siluria, edit. 1859, p. 34.) 

Many rocks exhibit, variously developed, a marked 
texture, consisting of parallel fibrous lines or particles, 
vrith«a parallel linear arrangement, called by Naumann, 
I^inear Parallelism. This linear parallelism is of two 
kinds essentially differing from each other. It is either a 
delicate zig-zag pencilling of slaty or schistose rocks, or 
an elongation or extension of the particles or vesicular 
cavities m one direction. 

The linear foldings ox pencilling of frequent occurrence 

tions, in the nomenclature as laid down by Jukes, and which is 
adopted in this translation throughout. It is almost identical with 
that first proposed by Sedgwick in 1886. See his * Structure of Large 
Mineral Masses ' in Trans, of Geol. Soc. of London : 2nd series, vol. 
iii. p. 480. — ^Translator. 
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ill gneiss, mica-schist, and clay-slate have the appearance 
of having been occasioned by lateral pressure, although 
such an explanation of the phenomenon is open to great 
and various difficulties. Transitions are found from the 
most delicate pencilling to the coarsest foliation. 

Linear elongation or fibrous texture consists of a 
kind of an apparent extension or elongation of individual 
parts, or of all the particles of a rock in one principal 
linear direction, by which a texture resembling the fibres 
of wood is sometimes occasioned ; or else the vesicular 
cavities of a rock, either empty or filled (amygdaloids) 
are elongated in one prevailing direction. In the latter 
case, we may easily explain the origin of the texture by 
supposing the mass of the rock, during the period of its 
consolidation and whilst yet soft, to have been flowing in 
one direction. But it is much more difficult to ascribe a 
cause to the linear extension of the particles in other 
rocks, as, for instance, in some kinds of gneiss. 

Vesicular, ScoRiACEOUs(or Slaglike\ Pumiceous, 
are textures of rocks containing cellular cavities more or 
less rounded, and which are evidently the result of 
gas bubbles, developed whilst the rock was in a soft 
state either at the time of its original formation, or at 
a subsequent period. If these cavities are only few and 
isolated, then the rock is termed vesicular. If, however, 
they are so numerous as to occupy an equal space with 
the solid part of the rock, then the texture is scoriaceaus, 
and if the hollow part predominates over the solid, then 
pumiceous (bimssteinartig). The shape of the cellular 
cavities is most usually irregular, but sometimes very re- 
gularly spherical, or pear-shaped, lenticular, and occasion- 
ally the cavities are uniformly elongated in a particular 
direction, as if stretched. All these differences of shape 
may be easily explained by the circumstances under 
which the vesicular mass attained its solid state, whether 
it was in a state of quiescence, or was subjected to pres- 
sure, or whether it was in motion, and whether such 
motion was flowing or irregular. 

This vesicular condition is most frequently found in 
those igneous rocks which possess a compact, or at least 
a very fine-grained or porphyritic principal mass occasioned 
by rapid cooling. It never occurs in coarse-grained 
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igneous rocks, probably because these being always sub- 
jected to a high pressure, crystallised very slowly. But 
even sedunentary and metamorphic rocks sometimes con- 
tain genuine vesicular cavities, in which case we must 
always infer the rock to have been in a soft state during 
the development of the gas which caused the bubbles. 

Many rocks are porous without being vesicular, that is, 
they are penetrated with irregular and often even angular 
cavities, not the consequence of the development of gas, 
therefore not to be termed vesicular. The differences 
between porous and vesicular textures are sometimes very 
difficult to determine. 

To a certain extent almost all rocks are porous, 
although not so to the naked eye, in the sense that they 
admit of the percolation of water, even if but slowly. 
Daubree has made many experiments upon this kind of 
porosity, the result of which is communicated in the 
Bullet, de la Soc. G€ol. de France, 1861, vol. xviii. p. 183, 
and Delesse has investigated the moist condition of rocks 
arising from this cause. (Ibid. vol. xix. p. 64.) 

A rock is said to be amygdaloidal when the vesicular 
cavities are filled either wholly or in part with new 
mineral substance. The filling of these cavities is always 
a process subsequent to the formation of the rock. The 
material for this purpose appears, as a rule, to have been 
derived from the rock itself by a species of exfiltration, 
and usually consists of chalcedony or quartz, or different 
kinds of carbonic spars or zeolites, or sometimes of green- 
earth, varying according to the character of the rock itself. 
The arrangement of these mineral substances is often very 
interesting ; concentric or horizontal layers, stalactites, and 
stalagmites, are formed within the cavities, or we find a 
crystallised geode or a compact mass. 

We infer from all the attendant circumstances that the 
formation of these amygdaloids must have been a very 
slow process, and therefore have occupied a considerable 
time in their completion. Hence, we may explain the fact 
that the most recent of all the igneous rocks, the lavas, 
although they are very often vesicular, are never amygda- 
loidal ; whereas the frequency and completeness of the 
filling up of the cavities increases almost in direct ratio 
with the age of the rock. 
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Such igneous rocks as are rich in silica are not only less 
frequently vesicular, but their cavities, when they occur, 
are less frequently amygdaloidal than those with little silica 
in their composition, which probably arises from their con- 
taining fewer soluble substances adapted to the formation 
of amygdaloids, in particular, less lime and magnesia. 

There are some appearances which may be easily mis- 
taken for the amygdaloidal texture, but which only arise 
from a concretion of separate mineral parts without 
previous cavities. We shall mention these below under 
the names of spherulite, glohuliferouSi nodular^ and 
variolitic. 

Oolitic texture is only found in limestones and iron- 
stones, and it consists either in the entire mass being 
composed of small globules, or a great number at all 
events of such being contained in the mass. The glo- 
bules are very much of the size and shape of peas or 
grains of millet or lentils, and when broken exhibit a 
concentric or radiated structure. Sometimes many very 
small globules combine to form a larger ball. In the so- 
called roestone the globules are grey, and usually inter- 
nally compact, or somewhat radial in the common oolitic 
limestone or oolite. They are more frequently white or 
yellowish, and sometimes formed of concentric layers, or 
they show an organic origin. In pisolite or peastone they 
sometimes contain a nucleus of foreign substance, covered 
with concentric layers or coatings of calc sinter, and these 
layers also show a fibrous radial structure, so that we may 
distinctly recognise the process of structure to have been 
a repeated coating of a grain of sand. 

In oolitic ironstone the grains are partly spherical, 
partly lenticular. In bog-ore they exhibit a concentric 
structure, and sometimes attain considerable size, culmi- 
nating in reniform iron-ore. 

The origin of this texture is only to be recognised with 
certainty in the case of pisolite ; in the other similar 
formations it is more or less wrapped in obscurity, and 
especially in the Great Oolite beds it is still very pro- 
blematical. L. von Buch observed a kind of oolite for- 
mation on the shores of the Canary Isles very analogous 
in its apparent origin to the pisolite. Virlet d'Aoust 
found a species of oolite in the Gulf of Mexico produced 
by the coating of minute insects' eggs with lime (Comptes 
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Bendus^ 1857, vol. xlv. p. 865). Some recently formed 
limestones, on the surface of coral reefs, are occasionally 
oolitic Many oolites appear to be formed entirely of 
small and almost spherical shells (these are strictly speak- 
ing not genuine oolites). Deicke communicated a careful 
observation of the texture of roestone in the Zeitschrift 
f. d. ges. Naturw., 1853, p. 188, and more recently in the 
Transactions of the Lyons Academy, 1853. Foumet 
published a comprehensive treatise * Sur la Formation des 
Oolites Calcaires.' 

In many of these rocks it would appear that the round 
grains are, in fact, only the result of a peculiar concretion 
of the homogeneous mass. 

Spherulitic, or Globuliferous (Dana). — A tex- 
ture so named, somewhat similar to the oolitic, occurs in 
some felsitic igneous rocks, most distinctly in pearlstone. 
The round grains consist of pearl-like globules, or simply 
of compact felsitic concretions. 

Another variety of a similar texture sometimes occurs 
in basalt, dolerite, or phonolite, where it appears that the 
rock by a singular process of decay has resolved itself 
into grains of a tolerably round shape. 

Nodular texture is closely allied to the oolitic, or some- 
times to the porphyritic, and consists in this — that the 
mass of the rock contains small rounded or lenticular 
or somewhat elongated concretions of a firmer and more 
compact substance than itself. Under certain circum- 
stances this appearance is termed spotted, varioliticy or 
pock-marked. 

There also occur in rocks, but in a very subordinate 
degree, those states which in minerals are termed sparry, 

FIBROUS, or ASBESTIFORM. 

PARTICULAR STATES OF ROCKS. 

There are certain states or conditions (in part identical 
with the above-mentioned textural phenomena) which, 
although they frequently alter the very nature and 
properties of the rock into which they enter, are never- 
theless not always considered a sufficient reason for 
giving a distinct name. This is not a consistent mode 
of treatment, for there are many cases in which rocks 
of precisely the same essential mineral constituents* 
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are called by different names, by reason only of a dif- 
fering texture ; and, again, in cases where a series 
of rocks form a long but gradual chain of transition or 
gradation between two extremes of different character, it 
is the custom to give distinct names to many members 
of the series arbitrarily selected, and which can only be 
regarded as links in the chain. Still more inconsistent is 
it when the same conditions or properties are used in one 
case as a reason for a distinction, and in another not. 
But if we would avoid these and similar inconsistencies, 
we should be compelled to throw over the existing nomen- 
clature of rocks altogether, and substitute an entirely new 
one, which would be more hazardous than the inconsis- 
tencies themselves. 

We will now proceed to describe the most important of 
these special states in rocks, only obser\dng in the outset 
that the terms used for defining the mere states are fre- 
quently also used more generally to designate the rocks 
themselves, and they sometimes even embrace a number 
of different rocks. 

1. Lava is not a definite rock, but is the name given to 

every rock which has been originally poured forth 
from a volcano in a state of igneous fusion. Thus 
we distinguish dolerite-lava, basalt-lava, trachyte- 
lava, &c. 

2. Wacke is the name given to a somewhat decomposed 

state of igneous rocks poor in silica. The mass 
has become more or less soft, almost earthy, of a 
yellowish or brown colour, and its mineralogical 
structure quite unrecognisable and only to be 
traced by transitions from the fresh state of the 
original rock. In subsequent pages we shall have 
occasion to speak of dolerite-wacke, basalt-wacke, 
melaphyre-wack6, greenstone-wack^, &c., or we 
shall use the adjective^ t/jacAemftc'* to designate 
this state of those rocks (wackenitic dolerite, &c.) 

3. Porphyry is the general designation for all porphyritic 

rocks with compact main mass or matrix, whereas 
those with a granular matrix are only termed por- 

* We have here been compelled to coin an adjective for the Ger- 
man ' wackenartig,' an equivalent for which we have been unable to 
find in English text-books. In analogy to porphyritic, granitic, &c., 
we trust the term may meet with acceptance. — ^Tbanslatob. 
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phyritic. Therefore we distlnguisli between quartz- 
porphyry, mica-porphyry, trachyte-porphyry, and 
porphyritic granite, trachyte, &c. The quartz- or 
felsite-porphyries however (\^dth compact felsitic 
matrix) are frequently, par excellence, termed por- 
phyries without further designation. 

4. Amygdaloid (MandelsteiHy Germ.) is the name given 

to every rock originally vesicular, whose cavities 
have in course of time become filled with mineral 
substance; hence there are basalt-amygdaloids, 
melaphyre-amygdaloids, &c. 

5. Scoria or Volcanic Slay, Scoriaceous, Slay-like, are 

terms expressive of very open cellular states of 
basalt, trachyte, or other volcanic rock. 

6. Pumice, Pumice Stone, Pumiceous. — These terms are, 

properly speaking, only expressive of the state or 
condition of certain rocks ; but this state is, ge- 
nerally speaking, confined to three kinds of rock — 
trachyte, trachyte-porphyry, and obsidian, whose 
composition is essentially one and the same. 

7. Schist, Slate, Shale, are general terms for rocks con- 

sisting of very different mineral ingredients. The 
individual rocks are distinguished accordingly, e. g. 
as mica-schist, chlorite-schist, &c.,or clay-slate, &c., 
or bituminous shale, argillaceous shale, &c. ; or the 
adjectives schistose, slaty, shaly, are used in con- 
junction with the mineralogical name of the rock. 

8. Sandstone, Arenaceous, are general terms applied to 

rocks, consisting of a mechanical compound of small 
rounded or sometimes angular siliceous grains, 
usually quartz. 

9. Conylomerate is the universal designation for rocks 

consisting of rounded stones or pebbles, mechani- 
cally bound or cemented together. 

10. Breccia is a general term for rocks consisting of 

angular fragmens, mechanically cemented together. 

11. Tuff, Tufa. — These terms doubtless in the first 

instance were used to express a loose, or little 
adhesive state of rock. 

Tufa is now principally used to denote an earthy 
compound of volcanic products of the most various 
kind, and 

H 
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Tuff is chiefly applied to certain calcareous or 
siliceous deposits at the mouths of springs, very- 
porous, and frequently very firm and tenacious; 
in which case they are termed travertine. 
The four last states in the preceding list are also uni- 
versally made use of as separate classes of rock in them- 
selves, and as such they cannot indeed be well dispensed 
with, unless we would give separate names to each of the 
endless variety of rocks in each of those states ; a task 
not easily possible, nor are the varieties of rocks them- 
selves of suflScient importance to deserve such distinction. 

CONCRETIONARY STRUCTURE. 

A molecular arrangement quite distinct from crystal- 
lisation causes clusters of particles to segregate themselves 
round centres, or otherwise present various and singular 
appearances and shapes, which have received diflferent 
names. 

Spherical concretions^ which are very different from 
conglomerates, are frequently found in sandstones, clay 
rocks, marls, limestones, dolomites, quartz-porphyries, 
pitchstones, and greenstones. This structure has given 
rise to various names — the oolite is an instance, so 
called from the egg-shape of the concretions; pisolite 
is so called from its pea-shaped concretions, &c. Many 
concretions are compact, others are hollow, and their 
interior is sometimes garnished with crystals forming what 
is called a geode^ a little crystal grotto ; or sometimes a 
small concretion is found loose in the hollow interior of 
the larger one, so as to rattle in it when shaken {clapper- 
stones). Some concretions are grouped together like 
clusters of grapes, or in irregularly kidney-shaped masses. 
These pass over into the nodular or massive concretions 
(Germ. Steinwulste, Schlangensteine, Losskindel, &c.). 
Others are lenticular in shape, and are called swellingsy 
or septaria. The latter is the special designation for 
lenticular concretions irregularly cleft in their interior, 
and frequently into pentagonal clefts on the outside. 
The clefts are frequently filled again with new mineral 
formations such as calcspar, brownspar, or ironspar. If 
their surface be exposed and much washed away by water. 
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it sometimes occurs that the veins of spar, as Tjeing-harder 
than the coating of the concretion, protrude and show a 
kind of network. « 

These sinprular structures have been well described by 
Ehrenberg, Parrot, and Glocker with engravings. Ex- 
tracts from the treatises of Ehrenberg are to be found in 
V. Leonhard und Bronn's Jahrbuch, 1840, pp. 680 and 
741. The treatise of Glocker on the Laukasteine ap- 
peared in Breslau, 1854. 

Stylolites are a very singular formation in certain lime- 
stones, dolomites, or marls ; they consist of irregular and 
longitudinally striped cylinders standing at right angles 
to the rock's stratification, and often ended abruptly. 
Quenstedt endeavoured to explain their origin by sup- 
posing them to consist of spaces left by marine animals 
which had risen perpendicularly in the rock whilst yet 
soft, the tubes or spaces so formed being afterwards refilled. 
(See von L. und B. Jahrbuch, 1837, p. 406.) 

Cone in Cone. — Concretions of a conical shape marked 
with concentric rings, lire sometimes to be found in certain 
marls or marly limestones (in German these concretions 
are called Tuten, and smaller and more pyramidical con- 
cretions of the same kind are termed Naff el). 

No satisfactory explanation of the last three singular 
forms of concretion has yet been given. 

SPECIAL FORMS OF EXTERNAL STRUCTURE. 

There are certain other phenomena of rock structure 
(chiefly of their outward structure) which should not re- 
main entirely unnoticed here. We will, therefore, pro- 
ceed to mention them, merely premising that they are 
incapftble of systematic arrangement, being individual in 
their character and unconnected with each other. 

Stalactites are formations produced in caverns or vesi- 
cular cavities after the manner of icicles, and resembling 
them in form. They are caused by the dropping of 
water holding some mineral in solution, and leaving 
behind a deposit or incrustation thereof. The mineral is 
usually calc-spar, barytes, aragonite, chalcedony, brown 
hematite, manganese spar, pyrites, or the like. If the 
incrustations, on the other hand, have been formed on the 

B 2 
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floor of the cavern or cavity by the drops when fallen, 
and have so grown upwards, they are called Stalagmites. 
Both stalactites and stalagmj/ies are frequently met with 
in caverns of limestone and dolomite, where they are 
occasionally developed in extraordinary beauty and size. 
In vesicular cavities they are similarly formed, but of 
course smaller in size. Their original, normal position is 
necessarily perpendicular. If they are found in any other, 
that is the consequence of movement during or subse- 
quent to their formation. 

Dendrites {Dendritic) are terms applied to certain ex- 
ternal crystallisations or deposits, usually arborescent in 
form, which are found incrusting the surfaces of joints 
and fissures in many rocks. These dendrites usually 
consist of oxide of manganese, sometimes of oxide of iron. 
Their origin appears to resemble that of the flowers of ice 
on window panes, or the so-called silver trees. 

SlickenslideSj Friction Surfaces (Germ. Rutschfldcheny 
Reihungsjldcheny SchajF/tdchen, Spiegelfidchen, or Har- 
nische). The surfaces of solid rocks are sometimes found 
to have been naturally smoothed or polished, and also 
furrowed or scratched in some one direction. This phe- 
nomenon occurs in the most various kinds of rocks, some- 
times in the interior of the earth, sometimes on the exposed 
surface of the rock. When it occurs in the interior of 
the earth, it has been invariably caused by masses of rock 
pushing and shoving against each other, and forms one of 
the clearest proofs of such movements having taken place 
in the solid crust of the earth. Friction surfaces when 
met with on the exposed face of a rock may no doubt 
have been likewise caused in the same manner, and have 
been laid bare subsequently, but in fact they have very 
often been caused by the progressive movement of a glacier 
rubbing over the surface of the rock. These latter friction 
surfaces may be distinguished from the former kind by 
the uniform direction of their furrows, always correspond- 
ing to the indications of the valley, and further by their 
never exhibiting protuberant masses between the furrows, 
as is sometimes the case with the others. They are to 
be met with in districts where glaciers once existed. 
Floating ice is said sometimes to produce similar marks on 
rocky sea-coasts. 
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Many hard rock surfaces exhibit a peculiar smoothness 
with at the same time a wavy conformation or a furrow- 
ing in one particular direction. It has been observed 
that sand set in motion by the wind and driven against 
the surfaces of rocks for very long periods of time, has 
produced the like singular abrasions. This phenomenon, 
first described by Naumann (who ascribed it to glacial 
action), is observable in certain rocks at Wurzen, in 
Saxony. (See v. L. und B. Jahrb. 1844, pp. 557, 561, 
680; 1848, p. 497.) 

It is familiar to every one how running water will 
gradually round off and eat into the hardest rocks. 
The singular phenomenon of what are called pot-holes 
or giant-holes deserve special mention. These circular 
hollows are formed at waterfalls or rapids by whirl- 
pools carrying sand or pebbles round and round, and, so 
gradually scooping out a smooth round hollow. Basins 
of this kind are found in river beds from a few inches to 
many fe^t in diameter, and even over the height of a man 
in depth. In places where the origin of these basins is 
not to be explained by any existing waterfall or stream, 
we must presume the former existence of such. 

Somewhat analogous to the pot holes are the so-called 
^ Karren^ or ^ Karrenf elder ^ which are terms of Swiss 
geologists for certain rill marks hitherto only observed on 
limestone and dolomite rocks. They usually only occur 
in lofty mountain districts, and are very frequent in the 
Alps. They consist of gutters of from a quarter of an 
inch to two feet wide, washed out of the face of the rock 
by the rain, and following the lines of its steepest in- 
clination. 

Rocks locally possessing different degrees of hardness 
when exposed to the weather and the action of rain often 
present a singular jagged, glandular, or honeycombed 
appearance from the unequal degree of resistance of their 
parts. Thus, for instance, the quadersandstone of the 
Saxon Switzerland, the argillaceous gypsum of the Kiff- 
hauser, &c. 

The traces of raindrops are not unfrequently found on 
rock surfaces. These raindrops must have fallen during 
the formation of the stratum, probably at ebb tide, mak- 
ing small holes surrounded with raised rings. These 
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holes have then been covered by the next stratum, and so 
preserved for all time, like the ripple- and current-marks, 
which are also of frequent occurrence on the surfaces of 
some sedimentary rocks. — Vide Froriep's Neue Notizen, 
1839, vol. xi. p. 134 ; Ann. d. Sc. geol. 1843, p. 61 ; 
Compt. rend. 1861, vol. 53, p. 649; Lyell in Royal 
Institution of Great Britain, 1851-4, Cepr. und Geologic 
(translated 1858), i. p. 390 ; i. p. 150. 

Animals also take part in the transformation of rock 
surfaces. Certain kinds of moUusca on the sea coast 
{Pholades) have the peculiar habit of burrowing several 
inches deep .into limestones or dolomite rocks, and even 
into clays as well as much harder rocks ; (as, for instance, 
mica-schist\ so as by degrees to perforate the whole 
surface. Ancient lines of coast are sometimes to be re- 
cognised by means of their appearance. 

Rounded Stones ^ Gravel, Shingle , Pebbles, or Boulders. — 
These stones have usually been wholly or partially 
rounded by the action of water. There are, however, 
such as have been rounded by the motion of glaciers, and 
some even appear to have been rounded in clefts of 
rocks, the sides of which have been much agitated. 

There are also some special points respecting them 
which deserve attention. In the first place most pebbles 
are not spherical, but flattened and lenticular or elon- 
gated, egg-shaped, &c. This very universal law is evi- 
dently the result of an unequal degree of resistance to 
waste presented by the stone in the direction of one or 
more normal axes. In the case of rocks of slaty texture 
or the like, this phenomenon may be readily conceived ; 
but in the case of compact or granular rocks without a 
trace of fissile or laminated texture, it is more remarkable, 
and points to some parallelism of texture or structure 
which has hitherto escaped observation. 

The boulders or pebbles formed by glaciers sometimes 
exhibit grooves or scratches on their surface. 

At the foot of the Alps in the neighbourhood of Vienna, 
many pebbles and boulders have been formed showing 
deep grooves and forcible impressions, and some which 
are partially broken and pieced together again. 

In some conglomerates (as in the Nagelflue of St. Gall) 
pebbles are found partly forced into each other (these are 
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usually of limestone), and in other conglomerates, for in- 
tance at Waldenburg in Silesia, there are pebbles which 
have been cleft asunder, their several parts somewhat dis- 
placed, and so cemented together again. But perhaps the 
most remarkable of these phenomena are the dolomitic 
limestone pebbles in a conglomerate at St Lauretta in 
the Leitha mountains, many of which are hollow. 

Much has been written on these peculiar forms and 
phenomena, as appearing in pebbles. We have referred 
to the greater part of such treatises in a former work 
(vide Geolog. Fragen, 1858, pp. 198—212), and will only 
here add a reference to some later treatises, viz. : 

Wurttenberger in von L. & Br. Jakrb. 1869, p. 153. 
Deickey ibid. 1860, p. 219. 
GurU, ibid. 1861, p. 226. 
Berggeist, 1860, p. 382. 

Sorhy, On the Direct Correlation of Mechanical and Chemical 
Forces. 

JOINTED STRUCTURE. 

All large masses of rock are internally cleft by fis- 
sures or joints, and thereby divided into solids of different 
size and form. The general cause of \h\s jointed structure 
of the mass is evidently contraction which, in the case of 
the igneous rocks, in all probability took place during 
cooling ; in the case of the sedimentary during the process 
of their drying; and in the case of the metamorphic, which 
they inherited from the sedimentary, or which was re- 
newed during the process of metamorphism. 

In most rocks the jointing is irregular, dividing the 
rock into irregular masses; frequently, however, a cer- 
tain degree of regularity is exhibited — ^i.e. the dividing 
fissures observe one or more prevailing directions, and are 
at definite distances from each other, so as to form a 
severance into tolerably regular plates, columns, paral- 
lelepipeds, or spherical masses. 

This so-called jointed structure deserves to be here 
described with some particularity, although it has no 
connection with the mineralogical composition of the rock, 
and solely results from the circumstances attending its 
original formation, and especially its soKdification. 

Tabular Jointing. — The rock's mass is spKt into parallel 
plates or tables, and these, unlike flagstones or strata. 
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have not been successively deposited one over the other; 
but were all formed simultaneously and subsequently to 
the first formation of the rock. This constitutes, indeed, 
the characteristic distinction between stratification and 
jointing — the former being the result of successive super- 
position, the latter of the splitting of a previously formed 
mass. Tabular jointing occurs most frequently in the 
igneous rocks, less frequently also in the sedimentary 
and metamorphic. 

A modification of the tabular structure sometimes 
occurs, consisting in a curvature of the individual plates, 
which are frequently very thin. This is called in German 
Schalige ahsonderung^ *<5onchoidal jointing.' 

Columnar^ Subcolumnar, Prismatic Jointing. — The 
rock's mass is split into columns of from 3 to 9 faces, 
usually 5 or 6 faces, and the thickness of the pillars in 
each place is tolerably uniform, but in different places 
varies from a few inches to several feet. The length of 
the columns is of course unequal. Some are known more 
than 200 feet long. These columns are, however, usually 
cross-jointed — i.e. split into shorter blocks by means of 
cross courses or horizontal fissures at right angles with 
the first set of joints. This jointing is regular or irre- 
gular, it sometimes exhibits rounded surfaces, indicating 
in that case that the pillars were formed by the joining 
together of spherical masses (as may be clearly seen, 
indeed, in some places). 

Columnar jointing may be observed with peculiar fre- 
quency and beauty in basalt, but it also occurs in diabase, 
diorite, aphanite, and quartz-porphyry ; less frequently in 
trachyte, granite, or syenite. In all these rocks this 
jointing is evidently the result of a special process of 
cooling; moreover, the axes of the columns are for the 
most part at right angles with the plane of the larger 
cooling surface. In lava streams, for instance, perpen- 
dicular to their surface ; in veins or dykes of basalt, per- 
pendicular to the walls of the cleft. If the larger cooling 
surface has been curviform, the columns at right angles 
to it will be found bent or radiating. 

But sedimentary rocks sometimes exhibit the pheno- 
menon of columnar jointing. In them it is probably owing 
to having dried more rapidly from one side of the mass> 
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and in rare cases, locally, to the effect of heat from con- 
tact with igneous rocks. 

ParallelopipediCy Cuboidal, or Rhomhoidal Jointing, — 
The rocks are severed by joints which traverse them in 
planes of three different directions, which, if they cross 
each other at right angles, produce cubes or rectangular 
parallelepipeds ; if at inclined angles, rhomboidal solids. 
In sedimentary rocks the direction of one of these planes 
is frequently determined by the bedding, but in igneous 
rocks all three sets of joints are independent of such 
influence. 

Spherical, Globular, or Spheroidal Jointing, — Some 
rocks are entirely composed of spherical masses, the in- 
terstices or spaces originally existing between them being 
now filled with a mass of similar substance and compo- 
sition, but so that the jointing is still apparent. These 
spherical masses are often formed of concentric layers, 
and sometimes ranged over each other in columns. In 
the latter case the globular and columnar jointing may be 
said to be combined. 

A modification of the spherical structure is what is 
called ball and socket jointing, in which single masses 
with rounded heads more or less approach the globular 
shape, and seem to fit into a cavity on the other side of the 
fissure. 

This passes over into irregular or massive jointing, 
which occurs more or less distinctly in rocks of the most 
different description. 

All jointing becomes much more distinctly apparent 
when Ae rock is weathered, and it sometimes even ap- 
pears as if the structure were solely caused by decay of 
the rock. Nevertheless, it is very probable that even 
in these cases a disposition to the severance pre\dously 
existed. 

STKATIFICATION OF BOCKS. 

We have already spoken of the lamination of shaly 
rocks as consisting of a structure dividing those rocks in 
planes parallel to their bedding, and originating in the 
mode in which they were formed — i. e. by successive 
layers of deposit. 
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The same phenomenon on a larger scale is called strati- 
Jication^ and the individual members of the series are 
termed strata. Page observes in his Adv. Text Book, 
* Thus ' (speaking of stratified rocks), * the terms stratum 
and bed are used when the deposit is of considerable 
thickness ; layer or band when it is thin, and holds a 
subordinate place among the other beds ; and seam when 
a rock of a peculiar character occurs at intervals among 
a series of strata. The miner, for example, speaks of a 
seam of coal occurring among strata of clay and sand- 
stone, and of a band of ironstone occurring in a bed of 
shale.' 

The horizontal line on the surface of strata is termed 
the strike^ and their steepest inclination towards the hori- 
zontal plane is termed the dip. 

Stratification is exhibited more especially and distinctly 
in the sedimentary rocks, but it is also frequently to be 
recognised in the metamorphic, and even the igneous rocks 
may exceptionally be actually stratified, if, for instance, 
successive streams of lava have overflowed each other, 
each consolidating separately. 

SHAPE AND BEDDING* OF ROCK MASSES. 

Both the shape and the mode of bedding of rock masses 
are dependent on the mode of their original formation. 

Igneous rocks neither exhibit any certain shapes nor 
any uniform bedding in relation to other rocks, whereas 
in the case of sedimentary rocks and their offspring, the 
metamorphic, both shape and bedding have some relation 
to certain general laws. 

The form assumed by igneous rocks depends to some 
extent on the shape and size of the opening by which 
they forced their passage from the interior of the earth. 
They accordingly fill clefts more or less regular in form, 

* The word ' bedding ' is used indifferently throughout this work 
in speaJdng of all rocks, whether stratified or not. It is taken as the 
equivalent of the German ' Lagenmg^ We are aware that in England 
this has not been always usual ; nevertheless, some general word must 
be adopted. ' Mode of occurrence/ ' position,' ' lie,' &c., are all ex- 
pressions which fall short of the idea intended to be conveyed. — 
Translator. 
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or they occupy larger Irregular spaces between other 
rocks, or they have overflowed through craters, and create 
accumulations after the manner of lava in streams, in 
plains, or conical heaps. 

Where the igneous rock forms a clear and evident 
filling of a previously existing cleft or fissure, it is termed 
a dyke or vein. The latter term is, however, more usually 
confined by many to such as are metalliferous. The irre- 
gular disrupting masses are called in German Stiicke {ste- 
hende or liegende Stocke), for which terms there are no 
precise equivalents in English nomenclature of very 
general acceptation. Where igneous rocks are accu- 
mulated in great extent, and they appear to have filled 
greater gaps in the eartfi's crust, they are spoken of aa 
rangesy districts^ or tracts. These are sometimes of ap- 
proximately circular or elliptical shape in their horizontal 
extension, as may be observed on geological maps. From 
such ranges, again, there frequently run smaller branches 
in diflferent directions {ramifications). 

Where igneous rocks in a state of fusion have broken 
through other rocks and spread themselves over the latter, 
they are said to be overlying. They are either extended 
longitudinally in one direction in the manner of streams 
of lava, or they cover broad surfaces, and form extensive 
fields. In both cases they may afterwards be themselves 
covered by later rock formations. 

The form which the igneous rocks assume above the 
surface of the ground corresponds little with that of their 
mass beneath, the geographical outline alone is determined 
by the latter — not the elevation. Very recent igneous 
rocks, by reason of their volcanic origin, may be of coni- 
cal shape, as is the case with many basalts, phonolites, or 
trachytes ; but all the older igneous rocks owe their pre- 
sent shape to the transforming influence of long continued 
weathering and flooding, so that their present appearance 
depends much more on their individual power of re- 
sistance to those influences than upon the shape in which 
they first made their appearance on the surface of the 
globe. 

The shape of the sedimentary and metamorphic rocks 
is always flat, or nearly so. Their material was originally 
deposited on surfaces more or less even, and if inequalities 
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existed they were filled up, so that at least the upper 
strata of such deposits are always very regularly flat 
shaped, or very broadly lenticular. The general shape 
and extent of these rocks corresponds therefore, more or 
less, with that of every individual stratum of the same. 
The conformation of the actual surface in many cases has, 
however, been much changed by external forces, such as 
weathering, the action of flood waters, &c.; and, again, the 
lowest beds of the series may exhibit very great inequal- 
ities ; even former rents or fissures in underlying rocks 
may have been filled up by the material of the deposit, so 
that these fillings of clefts may subsequently assume the 
shape and character of veins or dykes, in the underlying 
rock. Such last mentioned cases, however, are rare. 

Rents in the earth's crust have come to be filled in very 
various ways, e. g. by the injection of matter in a state of 
igneous fusion, by mechanical deposit from above, or by 
chemical precipitate from solutions. Such fillings are 
called dykes^ veins, or lodes. The term lode is exclusively 
applied to a metalliferous vein ; so also by some geologists 
is the term vein, but this is not the universal practice. 
The term dyke is exclusively applied to such as consist of 
the same material throughout. 

Although the sedimentary rocks, as a rule, form exten- 
sive flat-lying systems of stratification, yet there occa- 
sionally occur irregular accumulations distinguished from 
the ordinary flat strata by proportionately greater thick- 
ness and less horizontal extent, as well as by irregularity 
of shape. They may have sometimes arisen by filling of 
caverns. 

The bedding of rocks may be divided into the regular 
and irregular. The latter is characteristic of the igneous 
rocks, the former of the sedimentary and metamorphic. 

Irregular bedding is in general the consequence of a 
violent disruption of the pre-consolidated earth's crust. 
The igneous rocks have forced themselves a path through 
the existing rocks and filled up the cracks made in the 
latter by the eruption. These are sometimes, but not 
always, regularly formed fissures, such as when filled can 
be called dykes. These violent disruptions are termed 
intrusions, and when they are of unmistakable character 
we may conclude with certainty that the intruding rock is 
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of more recent formation than the one broken through, 
but not how much more recent. 

Regular Bedding^ which, as we have said, chiefly pre- 
vails in the sedimentary and metamorphic rocks, corre- 
sponds with their internal stratification. 

The following are some of the phases of bedding : — 

1. Parallel alternating bedding y or uniform bedding, when 

two or more rocks alternate with each other in 
parallel strata, forming a whole system of strata 
whose general shape is flat or gently swelling. 

2. Divergent bedding, — When any set of beds incline in 

different directions, they sometimes incline towards 
each other {sgnclinal), and sometimes they fall 
away from each other {anticlinal). 

3. Overlapping (iibergreifend), when one set of strata 

overlaps the edges of another set of strata. 

4. A hollow basin-Uke form (Muldeniormig). 

5. Cloak-like bedding (Mantelformig), where the strata 

or beds surround and nearly envelop a central 
point from which they dip on all sides (quaqua- 
versal dip). 

6. Subordinate intermediate bedding^ when beds of subor- 

dinate size lie in the midst of a larger series of 

strata. 
The originally regular bedding of the sedimentary and 
metamorphic rocks has very often been more or less dis- 
turbed by subsequent processes, such as the intrusion of 
igneous rocks, subsidence, &c., and even some of the 
above-named cases are sometimes only the consequence of 
some such disturbances. The natural or original position 
of the sedimentary or the metamorphic rocks and their 
strata is necessarily the horizontal, or nearly so. If we 
find any very great variations from the horizontal, these 
are, as a rule, to be considered as the consequence of dis- 
turbance, although the original cause of such disturbance 
may not always be recognised with certainty. 

The following are some of the different kinds of dis- 
turbance of bedding: — 

1. Uplifting y by which whole strata or systems of strata 

frequently appear to have been very strongly in- 
clined from the horizontal direction. 

2. Contortion, foldings y bending s. 
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3. Disruption^ breaks (Zerknickung), where the strata 

appear to have been uplifted in the centre and 
broken, the two parts dipping from the place of 
rupture. 

4. Displacement or faults ( Verwerfung) where one por- 

tion of the bed has been uplifted or depressed and 
bodily separated from the remaining portion. 

5. Subversion (Ueberstiirzung), where the bed has been 

entirely overturned, and its position reversed. 
From the bedding of rocks we may often, but not 
always, determine their relative age. The principles to 
guide us in this are somewhat as follows : — 

1. Overlying rocks as a rule are more recent than those 

which they cover. 

The only exceptions to this rule are created by 
subversions, or by obliquely upheaved or intruded 
igneous masses. Such exceptions, however, are 
usually easily to be recognised by surrounding 
circumstances. 

2. Intruding rocks are always more recent than those 

which they have penetrated. 

The exceptions to this rule can be only apparent ; 
as for instance, if a steep projecting rock has been 
surrounded by and come to be imbedded in a later 
deposit and so afterwards possibly been mistaken 
for an intruder. 

3. Rocks which during their formation have created 

manifest disturbance of the bedding of other rocks 
are necessarily in every case younger than those. 

From this rule also only apparent exceptions 
can arise, as when the bedding of a rock may have 
been disturbed by the decay of the underlying 
stratum, e. g. the dissolution of rock-salt. 

4. The level of a rock alone will not enable us to pro- 

nounce on its age, for the oldest sedimentary rocks 
may by upheaval have been shoved up into the 
highest level ; and as regards the igneous rocks, 
according to their very nature the oldest and the 
youngest may be met with in any level. 
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CHAPTER IV. 

GEOLOGICAL FORMATIONS AND GROUPS OF ROCKS. 

According to the present state of our geological know- 
ledge, we regard a certain class of rocks as the original 
products of the consolidation of parts of the fused mass of 
which our planet formerly consisted, and which we still 
believe to be the substance of the interior of the globe. 
These original products we term igneous rocks. All other 
rocks are only secondary products arising from their 
transmutation, their decomposition, decay or disintegra- 
tion, and reconstruction. 

The igneous rocks are subdivided into two principal 
groups, the Volcanic and the Plutonic. The volcanic are 
those which, having been ejected from the interior in a 
fluid or viscous state, cooled and consolidated at or near 
the surface of the earth. The plutonic are those rocks 
which have not reached the surface of the earth in a fluid 
or viscous state, but solidified at considerable depth, 
probably therefore under influences of great heat and 
pressure. 

The rocks which we have termed secondary products 
are likewise divisible into two great classes, the Sedi- 
mentary and Metamorphic, The sedimentary rocks being 
formed from the debris of the igneous rocks, and the 
metamorphic being the older sedimentary rocks, which, in 
process of time, and from various causes, have assumed an 
altered character, have undergone * metamorphosis.' Let 
us take a brief review of these principal rock forma- 
tions : — 
1. Volcanic Formations, — The active volcanoes of the 
present day furnish us with the best instances of 
these formations, and the surest data for consider- 
ing the phenomena of their origin. First we find 
consolidated lavas of various outward form and 
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internal structure ; they assume the shape of narrow 
streams down the mountain side, they overflow the 
plains in broad sheets, or filling up previously 
existing cracks and fissures they form veins or 
dykes in other rocks, or they form conical mounds 
on the mountain top. The column of lava which 
solidifies in the abyss of the crater must frequently 
assume the shape of a vertical cylinder, which, 
however, remains inaccessible to observation, unless 
and until a considerable portion of the whole moun- 
tain has decayed and been washed away. 

The lavas consist either of basaltic or trachytic 
rock ; their inferior mass is either compact, por- 
phyritic, or crystalline-granular, their exterior 
frequently vesicular or scoriaceous. 

Thus there are many different rocks or varieties 
entitled to be called lava, and all belonging to one 
and the same formation. Besides the lavas proper 
we find at volcanoes various kinds of loose ejected 
masses, some more and others less decomposed, 
consisting of large concretions of slag, smaller 
fragments of lava (lapilli), volcanic sand, and dust- 
like particles, so-called * volcanic ash.' These 
ejectamenta either remain lying loose on the sur- 
face of the ground, or they form conical piles 'of 
slag, or they are washed together by water and are 
redeposited as volcanic tufa, which thus may be of 
very various character. 
2. The older Volcanic Formations differ from the most 
recent by the entire or almost entire absence of 
loose ejectamenta, scoria, evident streams of lava, 
and distinct craters. No doubt all these were once 
in existence, but in course of time they have de- 
cayed and been washed away. We now only find 
bare conical hills of basalt, dolerite, trachyte, or 
phonolite (the kernels which have remained of 
former volcanoes after the decay of the masses which 
surrounded and covered them), accompanied by 
veins branching out of those nucleous masses, and 
by tufa formations or other decomposed forms of 
volcanic product. So much of the outer vesicular 
or scorified coating of the original volcanic rocks 
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as has not been entirely destroyed and washed 
away has in the course of time been turned to 
amygdaloid. These older volcanic formations, like 
the more recent, are partly basaltic and partly 
trachytic, and they form transition states between 
the volcanic and plutonic formations. 
3. Upper Plutonic Formations. — These may be divided 
into such as are of prevailing basic and acidic com- 
position, characterised respectively by the green- 
stones and quartz-porphyries. The Voigtland in 
Germany presents us with a good example of 
the basic greenstones, and the north-western dis- 
trict of the Thuringian Forest of the acidic quartz- 
porphyries. 

In the Voigtland, associated wich transition rocks, 
we find various kinds of greenstone, such as diabase 
andaphanite, granular, compact, porphyritic, fissile, 
and amygdaloidal, some decayed into wacke, some 
in the form of tufa, or conglomerate. These green- 
stones, it would appear, constitute the subterranean 
portion of a volcanic formation of the Devonian 
age. We must assume that the upper and perhaps 
more basaltic portion of this formation has decayed 
away; loose ejectamenta and genuine volcanic 
shapes are no longer observable ; the conical hills 
of greenstone are doubtless the result of the supe- 
rior power of resistance of that rock, just as quartz 
rocks frequently protrude above masses of a softer 
rock which formerly enclosed them. It is, never- 
theless, remarkable that the tufa and conglomerates 
which hav^ been preserved imbedded in the tran- 
sition strata appear to have been originally green- 
stone and not basalt, whence we might conclude 
that even the original volcanic portion of these 
eruptive formations which reached the surface 
rather resembled greenstone than basalt. 

In the Thuringian Forest quartz-porphyries 
predominate ; they are of various kinds, and are 
associated with mica-porphyrites and greenstones, 
claystone tufas and conglomerates. The conglo- 
merates contain fragments of rocks belonging 
unmistakably to the Rothliegende or Dyassic age, 
I 
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SO that we must conclude that the eruptions which 
upheaved these Thuringian porphyries took place 
during that period or subsequent to it. Every 
trace of genuine volcanic formation has long since 
decayed and been swept away ; the plutonic part 
alone has remained, except, indeed, some tufas 
which have been preserved by superincumbent 
strata. It need hardly be said that the process of 
laying bare rocks which lay so deep must have 
occupied long spaces of time, and therefore plutonic 
rocks must be very old before they are exposed 
and rendered accessible to our observation. 
4. Lower Plutonic Formations. — The most characteristic 
and strongly marked representatives of these for- 
mations are the granites (and syenites). These 
have consolidated in the earth at great depth. 
They are for the most part very distinctly crystal- 
line, though their texture is very various. 

They are never vesicular, nor do they occur in 
the form of tufas, for the latter could not possibly be 
formed in the interior of the earth. On the other 
hand, they are sometimes accompanied by friction- 
breccias. They branch out into veins traversing 
other rocks as well as the older masses of the sam^ 
formation. These branches have frequently cooled 
more rapidly than the general mass and formed 
themselves into porphyry. This result has been 
especially observed where the veins are narrow ; 
but the width of the veins has not been the only 
determining cause of more rapid cooling ; the depth, 
the temperature of the neighbouring rock, its state 
of moisture or dryness, must all have operated in 
hastening or retarding the consolidation of the in- 
truding mass. 

Tracts of granite frequently form the back-bone 
or nucleus of mountain ranges. They occur in 
larger masses and of more connected range than the 
upper plutonic formations. It would appear to be the 
case, as we might h priori have supposed, that upon 
the occasion of every eruption of igneous fluid 
from the earth's interior the opening made is wider 
below than at the surface. The eruptive mass 
when cooled acquires different characters according 
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to the pressure to which it has been subjected 
during the cooling process; in other words, ac- 
cording to the depth at which it consoKdated. The 
same eruptive mass may be volcanic at the surface, 
and plutonic below the surface of the earth. The 
plutonic rocks, in all probability, represent the 
upper portion of a conical mass, widening towards 
its base. Thus we may explain the fact that the 
lower plutonic rocks, when laid bare, occupy a 
wider area than the upper. It also follows that as 
a longer time would be requisite for their exposure, 
the lower plutonic rocks which are exposed to our 
observation are universally the oldest igneous for- 
mations for the time being ; and thus the granites, 
being those of the plutonic rocks which have con- 
solidated at the greatest depths, are for the most 
part the oldest of the igneous rocks of the present 
geological period. This does not however exclude 
the possibility of newer granite formations being 
accidentally exposed in some cases, for instance, by 
very violent local upheavings, or very rapid waste 
of superincumbent rocks, favoured by numerous 
fissures. This, in the Alps, has actually taken 
place. So much of the granite formations as 
reached the surface at the time of the eruption 
may perhaps have been of trachytic character, and 
it may be that the same masses which form the 
trachyte-lavas of the present time are simulta- 
neously forming granite rocks at great depths below 
the surface. The fact of the chemical composition 
of the two rocks being the same is at all events in 
harmony with such an hypothesis. 
These examples may suflSce for the igneous rocks. We 

lext proceed to notice the chief sedimentary formations. 

The metamorphic rocks being the products of the sedi- 

aentaryj are consequently later in date of their formation 

ban those.) 

5. Argillaceous Formations, — These are deposits of clayey 
mud alternated with marl, lime, or sand, some- 
times containing a large proportion of hydrated 
oxide of iron. These deposits were, in process of 
time, covered by more recent strata, and produced 

I 2 
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clay-slate, argillaceous shale, interstratified i 
calcareous shale, compact limestone, sandst( 
and ironstone. Such formations have taken p 
in all geological periods. 

Marl Formations, — These deposits consisted chi 
of marly silt alternating with clay, calcareous n 
sand, and sometimes gypsum or hydrated oxid 
iron. Under the pressure of superimposed str 
these deposits became converted into marl-sl 
and compact marl, interlaid with strata of ai 
laceous shale, limestone, gypsum, and ironst< 
A very characteristic marl formation of this nai 
is met with in the German keuper. 

Limestone Formations, — These are the result of the 
posit of calcareous silt, invisibly small shells, lai 
shells, coral reefs (partly dolomitic) or calcare 
tufa, alternating with calcareous, argillaceous 
sometimes siliceous strata. From these under 
pressure of superjacent formations, there have 
suited beds of limestone and dolomite of many 
ferent varieties, earthy and compact, in alterr 
strata with subordinate beds of marl-shale, cl 
slate, argillaceous- shale, ironstone, or flint, 
every geological period these deposits have ta] 
place ; we find them very characteristically 
veloped in Germany in the Jurassic, Muschelkj 
and Zechstein formations. 

Sandstone Formations. — These are deposits of qu£ 
sand (more or less fine-grained) with some c 
marl or protoxide of iron. Pebbles also have b 
deposited with the sand either locally intersper 
or in alternate beds. The deposited sand wl 
subjected to pressure then became sandstone, i 
the other ingredients formed themselves into 
termed! ate strata of slate-clay, marl-shale, cone 
merate, and the like. These formations have tal 
place in all geological periods. Very character^ 
instances are furnished by the Quader-sandstc 
and variegated sandstone (Buntsandstein) of G 
many. 

Conglomerate Formations, — The original deposits w< 
chiefly pebbles, sand, and clay. From these materi 
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by pressure, solid conglomerates were formed, con- 
sisting of pebbles cemented together by the sand 
or clay, and interstratified with beds of sand or 
clay. These deposits have taken place in all 
periods, but have never attained any great extent 
at one time or place. Hence the conglomerates 
play a very subordinate part in the sedimentary 
formations. In Germany, there is properly speak- 
ing but one very characteristic conglomerate for- 
mation, which is that of the RothKegende. The 
Nagelflue of the Molasse formation is quite subor- 
dinate to the sandstone, which is the predominant 
rock of that formation. 

10. Coal Formations. — The greater part of these forma- 
tions originally consisted of peat, or vegetable 
materials washed together ; usually sand and clay 
were likewise contained in the deposit, and some- 
times hydrated oxide of iron or protocarbonate of 
iron. These deposits, in the course of time, with 
pressure, were formed into strata of alternate sand- 
stone (usually grey) and slate-clay or shale ; and 
between these strata, beds of brown or black coal 
or anthracite and clay-ironstone were formed, sub- 
ordinate, however, in extent and thickness to the 
sandstone, slate, and shale. Coarse conglomerates, 
marl, or limestones very rarely occur in these for- 
mations. 

The Carboniferous period and the Tertiary period 
furnish the most characteristic examples of these 
formations ; but the carbonaceous deposits of other 
periods are associated with similar rocks, and are 
so like the genuine coal formations that, petro- 
graphically, they are hardly to be distinguished 
from them. 

1. Rock-salt Formations. — Rock-salt is always accom- 
panied by gypsum and anhydrite, and it likewise 
usually occurs in combination with argillaceous 
deposits. The rocks of this group are usually 
imbedded in limestone or dolomite, as in the 
Muschelkalk of Germany, or in sandstone as in 
Galicia and Transylvania. In all periods these 
local deposits appear to have taken place, but 
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the special conditions and causes of their origir 
are not yet known with certainty. 

If we turn to the rocks which we consider to be o 
metamorphic origin, the crystalline schists, we find alter 
natin^ beds analogous to those of the sedimentary rocks 
but in an altered state. We, koweyer, seldom or nevei 
find rock-salt or gypsum, a circumstance which may b< 
explained by the great solubility of those rocks. 

The crystalline schist formations may be best describee 
by naming the principal rocks of each. Thus we have :— 

12. Argillaceous Mica-schist Formations , with subordinate 

beds of quartz-schist, lydian stone, alum-schist 
granular Kmestone aijd dolomite, sometimes als( 
hornblende-schist, ironstone, and graphite. 

13. Mica-schist Formations y with similar subordinate for- 

mations to those in the argillaceous mica-schist 
In these we include some kinds of gneiss. 

14. Gneiss Formations^ consisting of gneiss of varioui 

kinds in parallel and alternating strata, and con 
taining similar subordinate formations to the mica 
schists. 

15. Chlorite-schist Formations ^ also containing simila 

subordinate beds of other rocks. 

These formations seem to be the result of \ 
special process of transmutation occasioned by th- 
presence of magnesia. 

The fact that in the crystalline schists coal, gypsum an< 
anhydrite are much more rarely met with than in the sedi 
mentary formations, and rock-salt almost never, may, a 
we have already said, be accounted for by the perishabi 
nature of those rocks. It seems remarkable that con 
glomerates are also very rarely met with. We should 
not, however, forget that these only play a subordinat 
part in the sedimentary formations, where they ar 
usually only of local occurrence. They are, moreover 
found in some crystalline schists, as, for instance, ii 
Valorsino and in the Upper Rhine Valley, in the wes 
Alpine district, where they occur in the gneiss and mica 
schist formations, and pass over by transition into thos 
rocks, their cementing medium having become crystalline 
and the pebbles blended with the general mass. 
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The following is a list of the great geological periods 
of deposit: — 

Post-Tertiary Epoch : — 
Recent period (human). 
Pleistocene period. 

Tertiary Epoch: — 
Pleiocene period. 
Meiocene period. 
Eocene period. 

Secondary or Mesozoic Epoch: — 
Cretaceous period. • 

OoUtic period. — WrvA>— 
Triassic period. ' 

Primary or PALiEOzoic Epoch : — 
Permian period. (Dyas.) 
Carboniferous period. - 
Devonian period. - 
Silurian period (upper and lower). 
Cambrian period. - 
Prae-cambrian periods. 
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CHAPTER V. 

TRANSITIONS AND TRANSMUTATIONS. 

We have hitherto treated generally of the composition 
of rocks, their texture, and other outward characteristics, 
and their formation or origin. It is comparatively easy 
to describe these phenomena in general terms, but their 
application to particular rocks in describing and classify- 
ing them is a task of great diflSculty. One of the prin- 
cipal diflSculties of classification is occasioned by the great 
number of rocks of character varying more or less from 
the established types. These varieties, in many cases, 
form series with every shade of divergence from the 
normal rock until the last member of the series presents 
a totally different species, coinciding may be with some 
other normal type. A series of intermediate rocks thus 
connecting two established types is termed a series of 
transition ; and thus, in the abstract, one type is said to 
pass into the other ; not, however, that any real transition 
takes place of the actual rock, but merely, as we have 
said, that two groups are connected together by a chain of 
rocks partaking partly of the attributes of each. 

Transitions of this kind are met with in nature in 
almost all kinds of rock, in respect alike of their composi- 
tion, their texture^ and their origin, A few instances will 
suflSce for explanation. 
1. Transitions in respect of composition are said to take 
place when in a rock of given character a strange 
mineral ingredient occurs not usual in rocks of 
that class, or when an essential ingredient of its 
composition diminishes or altogether disappears. 

For instance, in the case of limestone and dolo- 
mite, a rock consisting essentially and principally 
of calc-spar (carbonate of lime) is a limestone, even 
though it contain some bitter spar or carbonate of 
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magnesia ; but if enough of the latter enters into 
its composition, then the rock will be a dolomite ; 
and an endless variety of rocks are found with very 
different proportions of those two ingredients, so 
that it is impossible in many cases confidently to 
describe them either as limestone or dolomite. 
These are transition states between those two typi- 
cal rocks. Again, in the case of gneiss and mica- 
schist, we find first some, and then more felspar 
entering into the composition of a mica-schist, until 
at last we obtain a gneiss ; or we find less and less 
felspar in a gneiss, until at last it is reduced to a 
mica-schist. These and the like transitions may 
actually be observed in nature side by side, so that 
in the same mass we may sometimes find at one 
end a limestone, at the other a dolomite ; at one 
extremity a gneiss, at the other a mica-schist, &c. ; 
but the term transition is employed in this and 
other treatises in a wider sense to characterise any 
rocks of intermediate composition, wherever occur- 
ring, by means of which a relationship or connection 
may be traced between any two species of rock. 

The same kind of transition takes place between rocks 
in respect of their outward characteristics. The 
texture of rocks of every kind varies indefinitely 
from one type to another, without any sharp dis- 
tinction between the types; thus granite passes 
over into gneiss in numberless instances where it 
is more or less foliated in texture ; or granite-por- 
phyry passes into porphyritic granite by means of 
those rocks whose matrix partakes more of the 
granular than the compact texture ; or basalt into 
dolerite, by those varieties in which the individual 
minerals are somewhat more separately developed 
(granular) so as to be partially recognisable. 

Transitions occur between rocks in respect of their 
origin or mode of formation. Certain rocks are 
only the result of a transmutation of others, and 
the different stages of such transmutation have 
been distinguished by separate names. Thus 
argillaceous shale passes over into clay-slate and 
argillaceous mica-schist ; peat into browncoal ; 
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browncoal into common coal; common coal into 
anthracite ; and anthracite into graphite. Gabbro 
or granite passes over into serpentine. 

These last-mentioned transitions or transmu- 
tations are such in the strictest sense of the word, 
having been occasioned by changes of the rocks' 
substance in the course of time ; whereas the term 
transition, as applied to the two former classes is 
only a conventional term for a progressive series 
of rocks, all of which were from the first different 
from each other, and remain so. 
It need hardly be said that these several transitions 
and transmutations multiply not a little the diflSculties of 
nomenclature and classification, and frequently render 
the desired precision and accuracy impossible. We are 
always driven back to this — that every name applied to a 
rock can only be considered as establishing an especially 
characteristic form of its development as a kind of centre 
point, which, however, in nature is surrounded by nu- 
merous varieties and derivative forms of more or less 
doubtful character. 
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PART 11. 

THE ROCKS. 



INTRODUCTORY CHAPTER. 

CLASSIFICATION. 

A SCIENTIFIC classification of rocks is a task of more 
difficulty than might at first sight appear ; as yet, no one 
has succeeded in producing a perfectly consistent and 
comprehensive system. Not only do the nature of the 
subject and our own imperfect knowledge present many 
serious obstacles to consistent arrangement ; but in many 
cases established usage and nomenclature, too firmly rooted 
to be lightly disturbed, prevent our changing an old classi- 
fication even when based on error. 

Even were our knowledge far more certain than it is, 
and were we free to overthrow all previous errors and 
misconceptions, we could not lay down a logically com- 
plete system of classification to embrace all rocks, on any 
principle, whether of origin, texture, or composition 
(chemical or mineralogical). We do not find the minera- 
logical differences between rocks coincide with those of their 
chemical composition, nor are either of those dependent 
on geological position or stratification. There are no 
rigidly defined classes in nature. 

The student must not, therefore, expect too much from 
any system ; but, as we are driven to choose some basis for 
arrangement of our subject, we consider, on the whole, 
that the best scheme for our purpose will be one in its 
general features coinciding, as far as possible, with what 
we know of the origin of the various rocks, making use, 
however, of the distinctions arising from differences of 
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texture, composition, or otherwise, for the subdivision of 
our subject, as the nature of each case may seem to render 
advisable. 

A great number of distinctions have been established by 
custom between many rock formations, which in truth do 
not differ from each other very materially. These we shall 
as far as possible drop, endeavouring to make uniform 
connected groups, and treating many rocks, which have 
hitherto been known by diflferent names, as varieties only 
of one and the same rock. On the same principle, we 
avoid as far as possible the introduction of new names for 
rocks. It is impossible, and would be unprofitable, to 
dignify every slight modification of texture or structure 
(perhaps only of local occurrence) by a separate name. 
Even in treating the most important and prevalent rocks, 
we should seek to confine our nomenclature to their most 
characteristic forms of development, establishing these as 
central points of departure, from which manifold transi- 
tions are found leading towards other central points in 
the next group of rocks. One observer may pronounce 
a doubtful rock to be granite, which Unother will call a 
gneiss, without our being able to say that one is right and 
the other wrong. In cases of this kind there constantly 
arises the temptation to give new names, but in the in- 
terest of science this temptation should be resisted as far 
as possible. 

The following are the general heads under which we 
have grouped the rocks in this work. 

I. Igneous Rocks* (Eruptive Rocks), all of which are 
most probably products of igneous fusion. 

* The term ' igneous rocks ' is used throughout this book as the 
equivalent of the German * Ertjptiv-Gesteine. The Germans object 
to the term ' i^eous/ as conveying the idea of fire or burning (which 
could not take place in the absence of air), and also because the meta- 
morphic rocks may have been subjected to heat as well as those we 
call igneous. Most of our rocks have, however, been named in an im- 
perfect state of knowledge of their origin, and with reference to 
erroneous ideas ; and if we are agreed on the signification of a term, 
we need not always go back to its derivation. Mr. Jukes objects to 
the German term * eruptive^ as applied indiscriminately to these rocks. 
He thinks that in speaking of the plutonic rocks, we should use the 
terms, * imiptive ' or * intnmve,^ &c., as they did not, or are not sup- 
posed by us to have reached the surface at the time of their upheaval. 
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A. Rocks poor in silica, or basic rocks. 

{a) Volcanic, — Of which the basalts are the principal 

representatives. 
(b) Plutonic, — Of these the principal representatives are 

the so-called greenstones (diabase, diorite, &c.). 

B. Rocks rich in silica, or acidic rocks. 
{a) Volcanic, e. g. the trachytes. 

{b) Plutonic y e. g. the granites. 

II. Metamorphic Crystalline Schists.— Most 
probably the product of the transmutation of sedimentary 
rocks, but in respect of their mineralogical composition 
closely allied to the igneous, e. g. gneiss, mica-schist, 
chlorite-schist, &c. 

III. Sedimentary Rocks. — The products of deposit. 

1. Argillaceous r^cA^, such as CLAY and argillaceous 

SHALE. 

2. Limestone rocks, such as limestone and dolomite 

(including gypsum and anhydrite). 

3. Siliceous rocks, e.g. sandstones and conglome- 

rates. 

4 . Tufa formations. 

The above are the groups of principal rocks which 
occur in masses of great extent. 

IV. We shall next range those rocks of less frequent 
occurrence, or which only form subordinate strata or sepa- 
rate beds, and whose origin is in part still doubtful, without 
attempting in their case a logical classification. To this 
series belong, for instance, many silicates, the carbona- 
ceous ROCKS, the ironstones, serpentine, &c., and 
some other rocks of problematical character, 

V. Finally we shall instance those rocks which are 
essentially composed of one mineral, such as quartz, 
opal, &c. 

The first book on rocks, at that time a most masterly 
treatise, was von Leonhard's ^ Charakteristik der Felsar- 

We have, however, kept to the term ' eruptive ' as a general term for 
describing the action of all igneous rocks ; and any other course would 
have compelled us to put a construction of our own on the origin of 
each rock, although not in the mind of our author, and unnecessary for 
his immediate purpose. — Translator. 
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ten ' (1823). In it is to be found a reprint of Alexander 
Brongniart's ^ Classification min^ralogique des roches 
m^langees,' which had appeared in the 34th vol. of the 
Journal des Mines. 

The following are the most important among the more 
recent works on this subject : — 

Natmiann'a Geognosie, vol. i., a second edition of which ap- 
peared in 1858. 

Senffs Classification der Felsarten, 1867, in which the rocks 
are arranged with special reference to one or more charac- 
teristic ingredients. 

Durocher, Essai de P^trologie compar^e in the Ann, des Mines, 
1857 ; ii. pp. 217 and 676. He separates the igneous rocks, 
in the same way that Bunsen dia before him, into acidic 
and basic rocks. He subdivides these again according to the 
degrees of their acidity or basic composition j these sub- 
divisions nearly cori-espond with Bunsen's ' Mittelgesteine.' 

6r. B%8chof has examined and pronounced upon a large number 
of roots from a chemical point of view. The arrangement 
of the sejjarate treatises in nis Lehrbuch der Geologic appears 
to be entirely accidental, and the geological relations of the 
rocks are hardly regarded.* 

Ramtnelsherg' 8 Hindworterbuch der Mineralogie (with sup- 
plements) contains numerous analyses. 

Roth has recently attempted to coll*»ct all the known analyses 
of rocks and to arrange them according to fixed principles, 
accompanying them with critical remarks. 

Having referred the reader to the above-named compre- 
hensive works, we shall abstain from again quoting them 
in detail at the mention of each different rock. In dealing 
with the particular views of their several authors we shall 
only give the name of the author in question. 

On the other hand, we shall have occasion to cite at the 
proper j)laces the valuable treatises of Abich, Bantsch, 
Bergemann, Blum, Breithaupt, Bunsen, Delesse, Deville, 
Ehrenberg, Fischer, Girard, von Hochstetter, Hochmuth, 
Jentsch, Knop, List, Naumann, Oppermann, vom Kath, 
G. Rose, Freiherr von Richthofen, Scheerer, Sochting, 
Stache, Streng, von Walterhausen, &c. 

* In the second edition (translated into English) there is much 
provement in this respect. 
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CHAPTER I. 

IG^TEOUS BOCKS. 

When we consider the position and bedding of these 
rocks, and the disturbances and other changes they have 
effected in the strata and beds of other rocks, we cannot 
doubt that they have been forced upwards from the interior 
of the earth in a fluid or semi-fluid (viscous) state. They 
have penetrated and overflowed other formations and then 
become solid, partly in the clefts and partly on the surface 
of those rocks. The soft state in which they must have 
existed during their upheaval was in all probability the 
result of great heat, in other words, it was a state of 
igneous fusion ; hence the term Igneous Rocks. By pro- 
cess of cooling they then passed over into the solid state, 
assuming (under different circumstances) a crystalline- 
granular, a porphyritic, a compact or vitreous texture, 
sometimes vesicular, or sometimes even a fissile texture 
(schistose or slaty). Amygdaloids and wackes (as we 
have already seen) were of later origin, i. e. products of 
transmutation from original formations. 

As regards one great division of these rocks, their 
former state of fusion is capable of direct proof, and may 
be observed at the present day ; we see them in process 
of formation from the lava of active volcanoes. These 
are termed Volcanic Mocks. 

In the case of another class of those which we term 
Igneous Rocks, their former state of fusion is not so 
clearly evident; indeed we occasionally find their com- 
position, their bedding, or their relative jx)sition with 
other formations in apparent contradiction to their assumed 
origin. It is supposed that these became solid at a con- 
siderable depth, some of them possibly having been poured 
out in a state of fusion like lava, but in the interior of 
the earth without reaching the surface, and consequently 
that their consolidation took place under very high pres- 
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sure, and more slowly than in the case of the volcanic 
rocks. They are therefore termed Plutonic rocks^ and 
most geologists are agreed on the nature of their origin. 
The apparent contradictions to an igneous theory of their 
formation are to be explained by slow cooling, and the 
changes produced by time and high pressure. 

All igneous rocks consist principally of compounds of 
some kind of felspar (or leucite and nepheline) with 
pyroxene, hornblende, mica or quartz, generally also with 
some magnetic iron-ore and other subordinate minerals. 

We divide the igneous rocks, whether volcanic or plu- 
tonic, into those poor in silica {basic) and those rich in 
silica {acidic). 

The first class, the basic rocks, are distinguished by 
their deficiency of quartz ; by their felspar being gene- 
rally poor in silica, and frequently richer in lime than 
that of the acidic rocks, and being mixed with pyroxene 
or hornblende ; by their texture being frequently vesicular 
or amygdaloidal, very seldom vitreous ; and by their ge- 
nerally prevailing dark colour. 

The acidic rocks on the other hand are distinguished 
by a felspar richer in silica ; by their frequently contain- 
ing a large proportion of quartz ; by their being rarely 
vesicular or amygdaloidal, but frequently vitreous ; and 
in generat by their lighter colour. 

We might add that the basic rocks are more fre- 
quently compact and porphyritic than distinctly granular ; 
more frequently volcanic than plutonic ; more frequently 
found in small unconnected masses than ranging in great 
tracts or regions ; whereas the acidic rocks on the contrary 
are more frequently distinctly granular and porphyritic 
than compact ; and more frequently extend over vast re- 
gions than occur in masses of very circumscribed extent. 
These data are, however, altogether general in their 
character, and must be taken with many qualifications. 

Bunsen was the first to draw attention to the scientific 
value of the difference between the basic and acidic 
rocks, which was previously little known, and had not 
been carefully investigated. He devoted himself to 
analysing rock-masses, and from the results of those 
analyses set up two normal types of composition (see 
page 364 post). We cannot, however, say that the com- 



COMPOSITION OP IGNEOUS ROCKS. 



129 



position of the individual rocks of each of Bunsen's 
groups does more than approximately correspond with 
those normal values. In fact it would be more accurate 
to describe the individual values as fluctuating between 
two extremes than approaching any one central type. 
With this explanation we present the reader with our 
view of the composition of the two classes of rocks (the 
basic and acidic) differing somewhat, but not very greatly, 
from those of Bunsen. 

The principal and most important difference between 
the two groups is that of the quantity of silica, in which 
respect there really seems to be a kind of leap with most 
rocks. The basic rocks in general also contain somewhat 
more lime and magnesia than the acidic. 

Average Compositions of the two classes of Igneous Rocks, 





Basic Rocks 


Acidic Rocks 


Silica 


. 45—66 


. 60—80 


Alumina • 


. 10—20 


8—16 


Protoxide 1 « .^„ 
Oxide r^"^^ • 


1—16 


1—15 


Tiime 


1—10 


1—6 


Magnesia 


1— 6 . 


0—4 


Potash . 


1—4 


1— 6 


Soda 


1—5 


1— 6 


Water . 


. 0-7 . 


0— 8 



But the limits which we have above given are some- 
times overstepped on each side, and there are igneous 
rocks which we cannot with mere reference to their chemi- 
cal composition reckon in either group, and which in fact 
entirely fill up and annihilate the assumed gap between 
the two in respect of the content of silica. These rocks 
of middle character can only be classed with one group 
or the other by having regard in each case to their geo- 
logical character or their mineralogical aflSnities. 

If we disregard minor differences, the varieties of 
igneous rocks are not very numerous ; they may be 
almost reduced to two principal mineral combinations, 
the other differences consisting chiefly in texture or the 
presence of accessory or single minerals. 

The two principal combinations are as follows : — 

(1) Felspar poor in silica (in its stead sometimes nephe- 
line or leucite) combined with pyroxene or hornblende, 
also mica, magnetic iron-ore, and the hke. 
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(2) Felspar rich in silica, combined with quartz, micJ 
and occasionally amphibole, and the like. 

In presenting this broad view, we do not mean to ur 
derrate the importance of the minor differences in th 
igneous rocks. All those differences are the result c 
varying conditions and circumstances of their origins 
formation, and are therefore deserving of the greates 
attention and study. 

We will return to this subject in the concluding chaj 
ter, and mention some of the theories in respect to th 
causes of the various development of the different igneou 
rocks. 
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BASIC IGNEOUS ROCKS. 

These are compounds of felspar {of various spjicies) 
with auffite, pyroxene^ hornblende, or dark coloured 
mica. They frequently also contain magnetic iron- 
ore, sometimes olivine. In some rocks of this class 
nepheline or leucite takes the place of the felspar. In 
most, there is an entire absence of quartz. 

Their texture is compact, porphyritic, or crystalline ; 
granular, seldom fissile, more frequently vesicular, or 
amygdaloidal ; they are often found in a wackenitic state 
(wacke). 

According to our arrangement as previously indicated, 
we di\ide these rocks into two classes expressive of their 
origin — viz. the volcanic and the plutonic. 



1. Volcanic. 

These rocks occur in the form of lava at actual vol- 
canoes of the present day ; they are also found in districts 
where the volcanoes to which they owe their birth have 
been long extinct. In the latter case they often form 
isolated conical mountains, or they are found as dykes 
filling up the rents and fissures of older rocks. 

They differ from the plutonic rocks (which have solidi- 
fied deep down in the earth) by the prevalence of a 
species of felspar poor in silica, such as labradorite (or in 
its stead nepheline or leucite) ; moreover, by the preva- 
lence of augite rather than hornblende ; and by the total 
absence of quartz in their composition. Volcanic rocks 
also show the traces of their former state of fusion much 
Diore distinctly than the plutonic ; and they have evidently- 
cooled much more rapidly than them. 

All the volcanic rocks hitherto met with are of com- 
paratively recent date, and probably no ancient ones are 
iiow existing : for the most part they have decayed away. 

K 2 
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BASALTIC EOCKS. 

These rocks are mostly compounds of labradorite and 
auffitCy with the addition of some magnetic iron-ore. 
Instead of the labradorite^ they sometimes contain 
oligoclase^ nepheline^ leucite, or hauyne, and frequently 
also olivine. In their fresh state they are black or 
dark-grey. 

These rocks have been differently natned^ partly ac- 
cording to their somewhat varying mineralogical compo- 
sition, partly in respect of their differing texture. The 
most usual distinctive designations are the following : — 

Dolerite, consisting of labradorite and augite. 

Nepheline-doleritCy consisting of nepheline and augite. 

Basalty the same compound in a compact state. 

Leucite rocky consisting of leucite and augite. 

Besides the above, there occur other, though less fre- 
quent combinations, and varieties which have been 
separately named, or which deserve special notice as 
frequently recurring. In this category we may place 
anamesite, tholeite, analcymite, allogovite, hauynophyry. 

The basaltic rocks are all much alike in their outward 
form and bedding. They occur as lava at active or re- 
cently extinguished volcanoes. Sometimes they form 
conical hills, which are to be regarded as the kernels of 
extinct volcanoes whose outer coating has been washed, or 
has decayed, away. Again, they frequently form dykes, 
that is, they fill up clefts in older rocks, but in this case 
they usually appear to be connected with larger masses 
of a similar nature from which they have branched out. 
Where they occur as actual lava we usually find vesicular 
or scoriaceous varieties and tufa formations of correspond- 
ing composition ; but not the vitreous state. There can be 
no doubt that all these rocks are cooled products of igneous 
fusion, and that the process of their formation is con- 
j;inued at the present day. The proof of this even in the 
case of the older ones may be found in the effect which 
they have often produced upon other rocks with which 
they came into contact while in a state of fusion. Those 
rocks frequently exhibit transmutations, for which the 
simplest or only explanation is the effect of heat ; such as 
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local vitrefaction, change of their state of oxidation ; 
expulsion of their bitumen, or carbonic acid, change of 
their texture, or obliteration of their jointed structure. 
Sometimes also, but less frequently, the stratification of 
older rocks has been disturbed to a remarkable extent by 
the eruption of basaltic rocks. Again, the latter very 
often contain, near their margin, fragments of the rocks 
which they have broken through, and breccias have been 
formed in this way. 

The basaltic rocks, as purely volcanic, chiefly belong 
to the most recent geological period. They are never- 
theless found in many districts whose former volcanic 
activity has long since ceased, and where their bedding 
shows that they are older than some tertiary formations. 
The original surface of these older basaltic rocks is usually 
partly or entirely decomposed and washed away, and 
they partake somewhat of the nature of plutonic rocks, 
especially resembling certain greenstones of analogous 
mineral character, and actually forming transitions into 
the latter from the more genuine basaltic rocks. They 
appear to have undergone many changes of state through 
the influence of time and position. Their vesicular cavi- 
ties have become filled with new mineral substances 
(amygdaloids), internal decomposition or transmutations 
have taken place, carbonates, zeolites, and other hydrous 
minerals (formerly absent) have been formed, and are 
now intimately blended with, and actually form part of 
their composition ; or else their original fresh condition 
has become wackenitic. Hence we find that no sharp 
defining boundary exists between the volcanic and the 
plutonic rocks. It nevertheless is not a little remarkable 
that we do not know any rocks of undoubted basaltic 
character older than tertiary.* The case is the same with 
the trachytes and other volcanic rocks, and, generally 
speaking, we find that all the older igneous formations 
dSffer materially from the more recent, and more still from 
the most recent. This fact deserves attention, and seems 
to require more explanation than it has hitherto received, 
since we are authorised on other grounds to conclude that 

* Mr. Jukes believes the Rowley Rag basalt of the South Stafford- 
shire coalfield to be of Palaeozoic age (Geol S, Staff, Coalfield, Geol 
Survey), — ^Teanslator. 



1S4 BASIC IGNEOUS ROCKS. (l) VOLCANIC. 

volcanic agency has been at work in all periods of the 
earth's history, much in the same way as at the present 
time, and has always brought forth like products. What 
has become of those older products corresponding to the 
lavas and basalts of the present age ? Doubtless a great 
part may have perished from long exposure to the de- 
stroying influence of the atmosphere, or if more deeply 
buried, has suffered internal change ; nevertheless it was 
to have been expected that here and there (in old con- 
glomerates for instance) we should have discovered some 
blocks and boulders at least of genuine basalt. Strange 
to say, none have yet been found, at all events none 
whose character has been proved with certainty. We are 
aware that in England some basaltic and phonolitic boulders 
are said to have been found in Devonian strata, but thes^ 
statements seem to require further confirmation.* 

1. DOLERITE and ANAMESITE.— Mimesite, N^- 
pheline-Dolerite, Trap in part. 

DoLERiT und Anamesit. — Mimesit, Basaltischer Griinsteir^ci, 

Griinstein, Nephelin-Dolerit. (Germ.) 
Doii:RiTE, Hauy, (^r.) 

A crystalline-granular compound of labradorite ar^- " 
augite with some titaniferous magnetic iron-^re. ^ ^ 
nepheline-dolerite^ nepheline is a substitute for tl^^^ 
labradorite. 

Specgrav 2-7— 2-9 

Contains silica 42 — 67 p. c. 

The name of Dolerite was given to this rock by Haii^^' 
It is rarely sufficiently coarse-grained to allow of iC:^ 
individual mineral constituents being readily distir^-" 
guished, but more usually it forms a fine-grained dar^^ 
grey to black mass, in which we are unable to distinguish^ 

* In describing some of the igneous rocks inteistratified with th- ^ 
Lower Silurian rocks of Ireland, Mr. Jukes mentions the occurrence o^ 
associated beds of conglomerate containing pebbles of vesicular tra^^ 



derived probably from the upper surface of the old lava flows (^Student 
Manual^ 2nd Edit. p. 82). Some of the traps interstratified with tk^ 
Carboniferous Limestone of Co. Limerick have the vesicular and quasi -* 
scoriaceous parts of their upper and under surfaces preserved. ^ 
similar fact is described by Mr. Geikie in his paper on the trap rock^ 
of Scotland (see Trans. R. Soc. Edvn. vol, xxii. part 3, p. 641).—— 
Translatok. 
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between the labradorite and augite. This fine-grained 
variety has been specially named by von Leonhard as 
Anamesite. 

If the compound is distinct, then the labradorite appears 
in the form of white or light- grey tabular crystals, the 
augite in black columnar ones. But in such case there 
is usually also a compact matrix in which the more dis- 
tinct particles are imbedded. This matrix is a compound 
of the same ingredients — viz. labradorite and augite, 
usually with the addition of magnetic iron-ore, and some 
3arbonate of protoxide of iron and carbonate of lime, and 
s so compact that its several components cannot be re- 
cognised with the eye, except that the magnetic iron-ore 
sometimes appears in distinct octahedrons. 

The presence of the carbonates of protoxide of iron 
ind of lime of which we have spoken was first demon- 
itrated by Bergemann, as well as that of a certain silicate 
>f alumina and soda, whose character he could not defi- 
nitely determine. He showed that almost every dolerite 
contains one part capable of being decomposed by, and 
tnother part which resists the influence of muriatic acid. 
Ihe first part consists of the carbonates, the magnetic 
ron-ore, and the undetermined silicate. The latter part 
consists of augite, and probably also some labradorite, 
nasmuch as the different kinds of labradorite comport 
themselves very variously in the presence of muriatic 
i.cid, and there is also a material difference according to 
►whether it be heated or not. Most kinds of dolerite con- 
::ain from 1 to 2 per cent, of water, but this Bergemann 
regards as accidental, and as not having formed part of 
the original composition of the rock. 

Bergemann made a series of analyses to test the com- 
parative character of two kinds of dolerite, the one at the 
Meissner Mountain in Hessen, and the other at the 
Aulgasse in Siegburg in Westphalia, with the following 
result : — 





Meissner 


Aulgasse 


Labradorite 


. 47-91 


30-06 


Augite .... 


. 9-27 


36-43 


Magnetic iron-ore 


. 8-97 


3-61 


Silicate (problematical) 


. 22-21 


2-71 


Carbonates 


. 11-29 


27-75 



We thus find two perfectly characteristic varieties of 
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dolerite differing very widely in their mineralogical conr 
position. In other varieties, in spite of outward uniformit 
of appearance, other and even greater differences, both c 
mineral and chemical character, constantly occur. 

Besides the above-named more or less essential ir 
gredients of dolerite, it contains a considerable number c 
accessory ingredients, many of which are only locall 
found, or in very subordinate quantity. Such, for ir 
stance, are nepheline, sodalite, melanite, mica, bronzit< 
hornblende, olivine, titaniferous iron-ore, and specula 
iron. In fissures and vesicular cavities there also occu 
zeolites of various kinds, and distinctly crystallised span- 
carbonates. 

In some varieties, the proportion of nepheline is ver 
considerable, supplanting the labradorite, and so formin 
transitions into ncpheline-dolerite. Becoming more con 
pact in other varieties^ dolerite passes over into basal 
and the different stages of compactness of texture may h 
typified by the three names of Dolerite, Anamesite, Basal 

Varieties in Texture, 

In which the principal ingredien 
. are distinctly visible — Klein-Priesei 

near Tetschen, Bohemia. 
Fine-grained, the principal inffredien 
only barely visible, Steinheim, nej 
Hanau. 

(c) PoRPHYRiTic Dolerite. ) With crystals of labradorii 

PORPHTRABTIGER DOLERTT. (Germ.) \ ouflitft rftthpT TftTP 

DoLftRiTBPORPHYRotoE. (Fr.) ) ^^ ^-^g^^f T&iiieT rare. 

(d) Vesicular or Scoriaceous Dolerite. ) This texture onl 

Blasigkr (or ScHLACKiGBR) DoLKKTT. (Germ.) i occurs m the fini 
grained varieties (anamesite) 5 frequent at volcanoes — Steii 
heim, near Hanau. 

(e) Amygdaloidal Dolerite. ) With filled-up cavitie 

Mandelbtkinabtiger Dolertt. (Germ.) \ This variety is rather moi 

AMYGDALoJfDE, ^ron^ntart. (Fr.) ) ^ '' 

Can in general only be recognised i 
belonging to dolerite by tracing th 
sequence of transition states, or b 
its immediate juxtaposition m nature with fresh dolerite. 



(a) Common Dolerite. 

Qemeixer Dolertt. (Germ.) 

DOLfiRTTB UTROlDE, (Fr.) 

(b) Anamesite. 

Anamemt, Von Leonhard. 

(Germ.) 
ANAMfiSTTE. (Fr.) 



(J) DOLERITE-WACKt. 

Dolertt Wacke. (Germ.) 
Wackb DOLtornQUE. (Fr.) 



Variety in Composition. 

(jg) Nephelinb-Dolerite. ] A crystalline granular compoun 

NEPHELiN-DoLBRrr, Von Leon- I of nepheline and augite with ti 
Nfip2SSm4f'7?v.) ^ taniferous magnetic iron-ore. 



\S 
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Spec, grav 2-2— 26 

Contains silica .... 41 — 51 p. c. 
This rock, formerly taken for common dolerite, was first sepa- 
rately described and named by v. Leonhard. It is a dolerite in 
which nepheline takes the place of labradorite. As accessories 
we find it to contain thin acicular crystals of apatite, some 
sanidine, olivine, and titanite. In becoming compact it passes 
into nepheline-basalty which is hardly to be distinguished from 
common basalt. 

Subvarieties of Texture. 

(a) Porpht/ritic Kephelme-dolenie, the porphyritic texture being 
^ created by crystals of nepheline. Aatzenbuckel in the Oden- 

wald. 
(f3) Vesicular and arm/ffdaloidal and wackenitic varieties occur; as 

also fine-grained ones, answering to anamesite, e.g. in the 

Lobauer mountains. 
Perhaps much of what has hitherto been called dolerite is 

more properly nepheline-dolerite. The rock is now very 

distinctly recognisable, e.g. near Meiches in Hessen, at the 

Lobauer Berg in Upper Lausitz and near Tichlowitz on the 

Elbe in Bohemia. 

Dolerite is found irregularly massive, or of columnar, 
tabular, or globular jointed structure. It forms lava 
streams, isolated cones, and veins in other rocks. 

This rock is so frequent in all countries, especially in 
Volcanic districts, that particular localities need not be 
further enumerated. We will only add that the doleritic 
trachytes of G. Rose, which are mentioned in the fourth 
Volume of his ^ Kosmos,' as occurring at Etna, Stromboli, 
&c., appear to be dolerites rather than trachytes. 

Heferences, 

V, Leonhard, Basaltgebilde, 1832, voL i. Nepheline in Do- 
lerite, 1822. 

Bunsen in Poggendorf s Annalen, vol. Ixxxiii. p. 197. 

Abichj Vulkanische Erscheinungen, 1841, p. 74. 

Bergemann in Karsten's Archiv. 1847, vol. xxi. p. 1 and 41. 

Ilemser in Poggend. Annalen, 1852, vol. xxxv. p. 299. 

G, Bose, On Dolerite, in Neumann's Zeitsch. f. Erdkunde, 1869, 
vol. vii. p. 265. 

JMesse in Ann. des Mines, 1858 [5], vol. xiii. p. 369. 

Burocher in Ann. des Mines, 1841 [3], vol. xix. p. 669.' 

Hartung, Die Azoren, 1860, p. 97. 

V, Bath in the Zeitschr. der deutsch geol. Ges. 1860, vol. 
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138 BASIC IGNEOUS KOCKS. (l) VOLCANIC. 

G, Rose in Karsten's Archiv. 1840, voL xiv. p. 261. 

Sekill in v. L. and Br. Jahrbuch, 1867, p. 43. 
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deutschen geol. Geselisch. 1863, p. 372. 
Otto ProlsSy Analysen einiger Dolente von Tava. Neues Jahr^fc- 
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V. Hath, Dolerite der Enganeen. Zeitschr. d. deutsch. geolo^- 

Geselisch. 1864, p. 496. 
A. Knopj Nephelindolorit von Meiches. Neues Jahrb. ^• 

Mineralogie, 1865, pp. 674 and 682. 

Appendix, 

Tholeite. Steininger has given the name of Tholeite to a ro^i^^ 
found at the Schaumberg near Tholei, which he took for * 
compound of albite and titanite. But according to Berg-^3- 
mann's analysis this rock consists of 70 labradorite, 5 augit^^ 
3 magnetic iron-ore, 11 of undetermined silicate, and 9 ^^^ 
carbonate of lime and protoxide of iron. It must therefore fro '^oo. 
its composition be considered a dolerite or basalt unless inde^<i 
it be considered as plutonic and classed with melaphyre. 

Analcymite. ) Bergemann in Karsten's Archiv. 184^7", 

Cyclophyrb, ^iedeBeau- ^ vol. xxi. pp. 4, 12. Gemellaro has giv^xi 

mont, (Fr.) ) the name of Analcymite to a rock foiaxd 

in the Cyclades which appears originally to have been a dolerite 

containing nepheline, but two-thirds of its mass now consist of 

analcime, although the latter chiefly Alls clefts and cavities. 

We may here also mention two kinds of volcanic rock which 
might collectively be called 

Oligoclase-Dolerite. We refer to the Andesite of L. v. Buch, 
and the Trachydolerite of Abich. 

Both are compounds of oligoclase, au^te, hornblende, mag- 
netic iron and some mica, the latter generally of dark colour. 
But as their silica contents often exceed 60 per cent., and as . 
they are frequently found in vitreous state but of trachytic ap- 
pearance, we have arranged them according to imiversal custom 
amongst the trachytes; but no doubt they stand on the 
boundary between the trachytic and basaltic rocks, and may ^ 
considered as transition states between the two, 

2. BASALT. — Nepheline Basalt, Trap in part 

Basalt. (Germ.) 
Basalte. (Fr,) 

A compact rock^ nearly or quite blacky with dull con" 
choidal fracture ; an apparently homogeneous com" 
poundy of which the essentials are labradorite (of 
nepheliney, augite^ and magnetic iron-ore^ frequently 
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united with carbonates and zeolitic substances. In 
the compact mass there often occur prominently dis^ 
tinct grains or even crystals of olivine, labradorite, 
auffitey and magnetic iron-ore. 

Spec, gray 2-9— 31 

Contains silica 40 — 56 p.c. 

The mineral ingredients of basalt are too small and 
intimately blended to be separately recognised with the 
naked eye ; formerly it was taken to be a simple mineral 
substance, but it is now shown to be only the compact 
state of dolerite or nepheline-dolerite. We must, however, 
Dbserve that olivine and magnetic iron-ore is of much 
more frequent occurrence in basalt than in the two last- 
Damed rocks. 

Cordier was the first who, by means of microscopic 
examination, thought he recognised in basalt a similar* 
composition to dolerite. Hessel confirmed this view by 
Seduction from analysis, and many instances of the 
^adual transition from basalt into dolerite also coincided. 
But that basalt was in fact a compound of the above- 
named minerals was afterwards established beyond doubt 
by the more accurate analyses of Gmelin, Lowe, Girard, 
V. Bibra, Grager, Binding, Petersen, Ebelmen, Bamnann, 
Bammelsberg, Schmid, and Bergemann. 

Gmelin first found that a portion of the mass of basalt 
was soluble in muriatic acid, and another portion not. The 
insoluble part he considered must be chiefly augite and 
olivine, perhaps also labradorite ; the soluble part, mag- 
netic iron-ore, a sparry carbonate and zeolitic substance 
(and sometimes nepheline). The proportion between the 
two parts (as in the case of dolerite) is very different in 
different kinds of basalt. The quantity of the soluble por- 
tion fluctuates between 36 and 88 per cent. The propor- 
tion of the individual mineral constituents, and also that of 
the elementary ingredients, appear to be equally variable. 

Like dolerite, basalt very often contains some carbonate 
of iron, calcspar, and zeolitic substance (probably arisen 
from decomposition, and of later date than the rock itself) 
and some kinds of basalt likewise contain nepheline 
instead of labradorite. Girard first discovered this com- 
position in the basalt of Wickenstein in Silesia. It is 
^ot easy from outward characteristics alone to distinguish 
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the nepheline-basalt from the ordinary species, unless we 
are assisted by finding a transition into a distinct nephe- 
line-dolerite, as is the case, for instance, at the Lobauer 
Berg. For this reason it is hardly practicable for the 
geologist to separate nepheline-basalt from labradorite- 
basalt as a distinct rock, although the difference between 
them, in a purely mineralogical point of view, is of more 
importance than that between dolerite and basalt, which 
are only varieties of texture of the same mass. 

Besides the more or less essential ingredients of basalt 
(to which we therefore reckon nepheline), other minerals 
also very often occur as accessories porphyritically dis- 
seminated through the mass. Thus, for instance, basaltic 
hornblende, oligoclase, dark brown mica, rubellan, zircon, 
(hyacinth), sapphire, apatite, garnet, bronzite, micaceous 
*iron, titaniferous iron-ore, pyrites, &c. These minerals 
may, in consequence of special local circumstances, have 
either developed themselves into crystals during the 
original cooling of the rocks, or (such as pyrites and 
micaceous iron) they may have arisen from later processes 
of transmutation. Similar internal transmutations aided 
by gases or water have most probably produced the car- 
bonates, zeolites, and water concealed in the compound. 
The same influences have, doubtless, also produced the 
minerals which have arisen in the vesicular cavities and 
narrow fissures of the rock, such as hyalite, chalcedony, 
zeolites, sparry carbonates, glauconite, &c. 

The essential texture of basalt is compact ; if it becomes 
crystalline-granular it passes into anamesite and dolerite. 
But we frequently find porphyritically disseminated in 
the compact base, numerous single crystals or crystalline 
grains of augite, hornblende, olivine, magnetic iron-ore, and 
the like, or the rock is penetrated with vesicular cavities, 
and these are filled with those newer mineral formations of 
which we have already spoken. There also often appears 
a kind of round-grained or spotted conformation which 
seems to be the result of decomposition. 

Varieties in Texture, 

(a) Common Compact Basalt. ) ^r - ^ x o i , i. 

Gkmeinkr dichter Basalt. L ^®^ frequent, e.g., at Scnlossberg, 



iOerm.) f near Stolpen, Saxony. 

Basaltb lethoXde. (Fr.) ' x , ^ 
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(i) PoRPHTBiTic Basalt, or Basaltic \ ., - . t , . 

PoEPHTET. I ^^^ frequent — Lescntina, 

Basaltb poRPHYRotoK. (Fr.) J iiear Tetschen, in Bohemia. 

PORPHTRARTiaER BASALT. (Oettn.) ' 

(c) Vesicxjlar or Scoriaceous Basalt. ) Often called, ;?or earcc/- 
ScoRiEs BA8ALTIQUES. {Fr,) \ lence, Basaltic Lava, as 

Blasiger ODER scHLACHGER Basalt. {Germ.)) this is usually vesicular 
at the surface — Kammerbiihl and Wolfsberg, in Bohemia. 



Never of recent origin — 
Schlachenwerth, near 
Carlsbad. 



(d) Amygdaloidal Basalt, or Basaltic 

Amygdaloid. 

Basalts AHYGDALOtDB. {Fr.) 
Mandblsteinartiger Basalt. {Oerm.) 

(e) Spotted aio) Geanulae Basalt \ Usually has dark grains in 
(eesembltno Doleeite). 

EORNIGFLECKIGER ODER DOLENTAHNLICHER 

Basalt. {Germ.) 



lighter green mass. It is 

a stage of decomposition. 

E.g. between Amsdorf and 

Steinschonau, in Bohemia, as Stoppels Kuppe, near Eisenach. 

(f) BA8ALT-WACt6. ) (Wemer*s Eisenthon) a dark brown 

Wacke basaltiqub. {Fr.) \ or grey, almost earthy mass, in which 

Basalt-Wackb. {Germ.) ) sometmies the textures (a) (h) (c) and 

(d) are distinctly repeated. Pascepole, near Teplitz. 

Sometimes, but quite exceptionally, a vitreous state also occurs, 
which Breithaupt has named Trachylyt, as a separate mineral 
formation. It is found, e.^. near Dranrfeld, in the Vogelsgeberg 
and skirting basalt-veins m Iceland. 

Here may be also fitly mentioned a number of varieties 
of composition, some of which, if they were always dis- 
tinguishable, might even be separately classed as distinct 
rocks. 



Varieties in Composition^ 



Q/) Common (or 

Labrador Basalt. 



Labeaboritb) Basalt. ) Consisting of labradorite, 
^sALT. {Germ.) ) augite, magnetic iron- 



ore, and usually also some olivine. 



(A) Nephelinb-Basalt. 

Nephblin-Basalt. 

{Germ.) 
Basalts avbc NfiPHfi- 

LINE. {Fr.) 



In which nepheline is substituted for la- 
bradorite ; according to Girard, it shows 
traces of a resinous lustre, and thereby dif- 
fers somewhat from ordinary basalt. But 
there must be intermediate gradations or transitions between 
the two which cannot be distinguished as separate varieties. 

Is the name given by Rammelsberg 
to a rock from Vulture, near Melfi, 
not far from Naples, which essentially 
consists of augite and haii3nie, with 
some olivine, mica, and leudte, in which also the haiiyne ap- 
pears to be the substitute for the labradorite of basalt or 
dolerite. The simultaneous occurrence of leucite, however, 
causes it to resemble leucite rock. 
Hie basaltic lava of Niedermendig on the Rhine contains a 
considerable quantity of haiiyne distinctly prominent, but it 
has been conjectured that tms rock according to its compo- 



(t) Haxttnopbttrt. 

Hautnophyr, BammelAerg. 

{Gem.) 
HaUynophyre. {Fr.) 
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sition should belong to the nepheline-basalt On account of i 
vesicular confoimation it is well adapted for millstones. 

(k) Allogovite. 1 Is the name given by Winkler to certaii^ 

Allooovit, Winkler. Y dark grey or reddish rocks of the Allgau^ 
iOenn.) ) ^jjj^jj^ accordiuff to him are formed of anB_ 

intimately blended compound of labradorite with the basalts^ 
although their colour is somewhat different. This may, bow — 
ever, be the consequence of a slight difference in compositioift- 
or an incipient decomposition. 

Regular jointed structure is very frequent in basalt^ 
usually columnar, sometimes however tabular or spherical^ 
with concentric layers spheroidal, or even irregularljr^ 
massive. It forms streams of lava and layers in th^^ 
basaltic tufa. It is very characteristically and variousl}?^^ 
developed in the Bohemian Mittelgebirge ; in th ^^ 
columnar form it may be seen with great regularity an(3H 
beauty at the Giant's Causeway in Ireland, at StafFa, &c. ^S 
but these approach dolerite in their character, and may==^ 
be more accurately described as transition states betweei ^ 
that rock and basalt. 

References. 
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Sartorius v, Waltershansen, Physik. geogr. Skizze v. Island, p. 6^^B. 
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T). 273, 1860; p. 4, 1861, iiber Hauynophyr. 
SchiU in v. Leonhard u. Br. Jahrb., p. 44, 1857 (Hegau), an ^ 

in G. Leonhard's Beitr. z. miner. Kenntn. von Baden, No. £—3, 

p. 43, 1854 (Kaiserstuhl). 
Hartung^ Die Azoren, p. 97, 1860. 
Girard, Ueber Nepbeunbasalt in Poggend. Annalen, voLli^^^^* 

p. 562, 1841. 

3. LEUCITE ROCK.— Leucite- Porphyry, Leucitcr:^ 
phyry, Leucilite, Sperone. 

Leucitfels. {Germ!) 
Leucitophyre, Cogtiand. (Fr.) 

A more or less distinct compound of leucite and augit^9 
with some magnetic iron-ore — porphyritic or compact* 

Spec. grav. 2*5 — 2*9 

Contains silica 45 — 54 p. c. 



i 
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Leucite rock may be regarded as a dolerite, in which 
the labradorite is replaced by leucite. This difference of 
composition is also usually accompanied by other differ- 
ences easily to be recognised. The colour of the compact 
mass or matrix of the rock is more grey or reddish-grey 
than either dolerite or basalt, and, moreover, the charac- 
teristic crystals of leucite are frequently to be found dis- 
tinctly and prominently developed. It is a distinguishing 
feature of this mineral in general, that it rarely occurs 
otherwise than porphyritically imbedded, and not clus- 
tered in geodes. Sometimes distinct crystals of augite 
lie near the leucite in the compact matrix. As acces- 
sories leucite rock also contains the following minerals : 
dark magnesia- mica, sodalite, sanidine, labradorite, ne- 
pheline, olivine, haiiyne, garnet, and traces of apatite. 
Zeolites also very frequently occur in the clefts or vesi- 
cular cavities of this rock. 

Where the proportion of nepheline is greater, a transi- 
tion takes place into nepheline-dolerite or nepheline- 
basalt. 

Varieties in Texture. 

(a) PoRPHTRiTic Leucite, Leucitophtet. 

LEUCTTOPHTRE PORPHYROtoE. (Fr.) 

(b) Compact Leucite. 

LEUCrrOPHTRE LITHOlDE. (Fr.) 

(c) Vesicular or Leucite-Lava. 

Leucttophyre vacuolaire. (Fr.) 

(d) Amygdaloid. 

AmygdaloICdb. (Fr.) 

Leucite rock forms old and recent lavas, e.g. at Monte 
Somma and at Vesuvius (eruptions of 1828 and 1832); it 
also occurs at volcanoes long extinct, for instance at 
Hoccamonfina, in the Albanian Mountains, at Rieden, 
and at Bell near Andernach. Not long since, a leucite- 
porphyry was discovered at Bohmisch-Wiesenthal, on the 
highest ridge of the Erzgebirge,- with decomposed wack- 
cnitic matrix, and crystals of leucite, more than an inch 
in length, but for the most part changed into orthoclase 
(or kalioligoclase). This last named occurrence involun- 
tarily suggests the question whether the felspar of many 
older rocks may not originally have been leucite, whose 
form has become indistinct or entirely altered so as to be 
no longer recognised. It certainly is somewhat remark- 
able that hitherto no ancient leucite rock has been found. 
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Appendix. 

NosEAN-MELAiaxE Rocz is the name recently given by vom Rath 
to a rock consisting of a fine-grained compound of nosean, 
vitreous felspar, and melanite, with some hornblende, augite, 
and titaniferous iron-ore. Zeitsch. der deutsch. geoL Ges. 
p^ 655, 1802. 

Von Fritsch uses the common name of Tephrite to include leuci- 
tophyry, hauynophyry, and nepheline rock. Neues Jahrb. f. 
Mineral. 1865, p. 663. 

DuNiTE is the name given by von Hochstetter to a granular rock 
which occurs in New Zealand, consisting almost exclusively of 
olivine. Zeitschr. d. deut geol. Ges. 1864, p. 341. Sand- 
berger has described a similar rock as occurring in the Tring- 
stein in Nassau. Neues Jahrb. f. Mineral 1865, p. 449. 

References, 
Deville in the Bullet, de la Soc. d. Fr. [2] vol. xii. p. 612, 1856. 
JDufrenoj/, Mem. p. s. k\m d^scr. p^ol. d. IV. vol. iv. p. 368. 

Compt. rend. vol. xxi. p. 326, 1845. 
Wedding in d. Zeitschr. d. d. geol. Ges. vol. x. p. 396, 1868. 
V. Hath in d. Zeitschr. d. d. geol. Ges. vol. xii. p. 37 (Zittau), 

1860. Leucitophyr von Rieden: Zeitschr. d. deutschen 

geol. Gesellsch. 1864, p. 73. 
Naumann in v. L. ima Br. Jahrbuch, p. 61, 1860 : p. 59, 

1861 (Wiesenthal). 
RammeUherg in d. Zeitschr. d. d. geol. Ges. vol. xi. p. 493, 

1859 5 vol. xiii. p. 96, 1861 (Vesuv. and Wiesenthal). 

2. Plutonic. 

These rocks are compounds of various felspars with 
pyroxene, hornblende or mica. Besides these essential 
ingredients they frequently contain some chlorite, nephe- 
line and magnetic iron-ore, quartz only exceptionally; 
the greater number are free from quartz. IVGneralogi- 
cally as well as chemically, therefore, the composition of 
these rocks is very similar to that of the basaltic rocks. 
The chief differences consist in the greater frequency of 
hornblende as an essential ingredient, and the frequent 
occurrence of chlorite and the more rare occurrence of 
quartz as accessories ; and in the development of slaty or 
schistose texture in many of these plutonic rocks. 

All these differences may be accounted for by the 
greater depth at which these rocks probably attained the 
solid state, and by their having remained a longer time 
under the pressure of superincumbent masses. The same 
causes may have given rise to many transmutations or 
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new formations, such for instance as the formation of 
chlorite, a characteristic (if not altogether essential) in- 
gredient of the augitic greenstones, and to which they 
chiefly owe their green colour, and which also usually 
serves to distinguish them from the basalts. 

We divide the plutonic basic rocks into Greenstones, 
Melaphyres, Porphyrites, Mica-Traps and Sye- 
nites. Some of these, however, approach the acidic 
rocks in the proportion of silica which they contain. 

GREENSTONES — (trap in part). 

These rocks are compounds of some species of felspar 
4bith pyroxene or hornblende as essential ingredients ; 
their prevailing dark green colour they apparently 
owe partly to hornblende and partly to a small admix- 
ture of chlorite. 

They are usually di\dded according to their mineral 
character into three classes, under the following heads : — 

Diabase^ consisting of felspar and hypersthene or augite 
and chlorite. 

GabbrOy consisting of felspar and pyroxene. 

Dioritey consisting of felspar and hornblende. 

Besides these principal divisions, there are several 
subordinate varieties of composition which have distin- 
guishing names, such as Calc-diabase, Eukrite, Teschi- 
nite, Augite-rock, Malakolite-rock, Euphodite, Norite, 
Hypersthenite, Timazite, Calc-diorite, and Anorthite- 
diorite. Aphanite is the compact state of greenstone 
rock in which the several ingredients are not to be distin- 
guished with certainty ; and if the compact aphanitic mass 
contain distinct individual grains or crystals porphyriti- 
cally disseminated through it, then we employ the names 
of Calc-aphanite, Labradorite-poi-phyry, Oligoclase-por- 
phyry, Augite-porphyry, and Uralite-porphyry, for the 
different varieties. 

Greenstones of all kinds occur frequently in subor- 
dinate masses, dykes, or stratified veins in the schists or 
I slates of the grey-wack^ or transition period, and even 
alternating with tuff-formations of the same period which 
contain characteristic fossils, so that we may conclude 
that many greenstones were contemporaneous with those 
formations. This association with the transition-forma- 

L 
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tions may be observed in the Voigtland, Fichtelgebirge, 
Hartz, and the Rhine district, also in the Silurian district 
of Bohemia, in Germany, and many other parts of the 
world. Greenstones are likewise met with which have 
broken through and penetrated much more recent forma- 
tions; the timazite of Hungary and Transylvania for 
instance is found to have even penetrated sandstones of 
the tertiary period. But the most recent tertiary for- 
mations are nowhere found to have been broken through 
by genuine greenstones, although very frequently by 
basaltic rocks. Greenstones are never found in the form 
of genuine lava, but always more or less show their 
plutonic origin, in which probably consists the \hole 
difference (not very consideraible after all) between them 
and the basalts. It is very possible that the same basic 
compound which, consolidating near the surface, has pro- 
duced the basaltic rocks, when it attained the solid state 
at a greater depth formed the greenstones, whose pyrox- 
ene and hornblende may have been partly an original 
product and partly produced by subsequent transmu- 
tation. The basalts and greenstones in general very much 
' resemble each other both in chemical composition and 
mineral character. The chlorite, by which some of the 
augitic greenstones are alone distinguishable from the 
basalts, is most usually a product of transmutation. 

4. DIABASE. — Hyperite, Scandinavian Trap. 
DiABAS. (Germ.) 
Diabase, Brongniart. (i^.) 

A crystalline-granular compound of oligocla^e^ lahra- 
dorite, alhite^ or anorthite, with pyroxene and some 
chlorite — in its fresh state dark green. 

Spec^v, 2-7— 2-9 

Contains silica 43 — 56 p. c. 

Diabase was first raised to the rank of a separate rock, 
and distinguished from other greenstones, by Hausmann. 

It is often very fine-grained, and in that case it be- 
comes difficult to determine the species of the felspar or 
of the pyroxene, or to recognise the chlorite as such. 
The felspar seems in most cases t-o be a white or greyish- 
green, oligoclase or labradorite. The pyroxene is most ge- 
nerally hypersthene, but sometimes common augite. The 
green colour of the rock is chiefly owing to its chlorite. 
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e quantity of which is however small. As accessories 
8 following minerals very frequently occur : magnetic 
ii-ore, magnetic pyrites, pyrites, sometimes also some 
ilcopyrite (copper pyrites). 

As accessory accompaniments (in clefts, veins, nests and 
dcular cavities) are found quartz, actinolite, asbestus, 
's-eye, pistacite, prehnite, axinite, calcspar, brownspar 
Jomite), talcspar (magnesite), &c. 
The prevailing texture of diabase is fine-grained; it 
ises over into the compact (aphanite) ; it is also some- 
les porphyritic, slaty, variolitic or amygdaloidal. 
Diabase bears a strong relationship to dolerite, the 
st marked feature of its difference from the latter is its 
orite and its consequent green colour. If this chlorite 
a product of transmutation, then all the original dif- 
ence between diabase and dolerite probably consists in 
J level or depth of solidification. 

The vesicular cavities of diabase (where they occur) are 
lost always filled up (amygdaloids), and this circum- 
nce may be explained by the rock having long lain 
the interior of the earth under modifymg hydro- 
itonic influences. 

Varieties in Texture. 
) Granular Diabase. j Frequent near Bemeck, Saalburir, 
Diabase QRANrrotos. (Fr.) ) both in the I^ichtelgebirge, &c. 



Merging into aphanite, 
generally occurs with 
(«)• 



Fine-grained (to compact) Diabase. 

FSIXKbRXIOER BIS DICHTER DlABAS. iOenu,) 
DlABASB LTTHOtDB. (/V.) 

Porphyritic Diabase. ] In fine-grained base, crystals of 

PoRPHYRARTiQERDiABAs.CG'mn.) [ labradoritc, oliffoclase, pyroxene. 
DIABASE POBPHYRoiDK. (Fr.) J or uraHte appear. Ktte matrix 
is compact, then these varieties are also sometimes designated 
labrador-porphyry, augite-porphyry, or uralite-porphyry (com- 



labrador-porphyry, augite-porphyry, o: 
pare with aphanite, post, p. 167). 



Schistose Diabase, or Diabase- 
Schist. 

DiABAS-ScHiEFRR. (Germ.) 

SCHISTB DIABASIQUB. (Fr.) 

Amygdaloidal Diabase, or\ The vesicular cavities are filled 

Diabase Amygdaloid. I with calcspar, chlorite, glauconite, 

^A^^L^m^r^. (Genn.)j chalcedony and the like. Bemeck 

oDALo B. ( r.) ^ Fichtelgebirge. 



Indistinctly foliated, going 
over into aphanite-schist : 
occurs together with (a) and 
(6). 



Variolitic Diabase (Variolite' 
in part). 
Variolttischer Diabas. (Oerm.) 
Diabase vabiolitique. (Fr.) 

h 2 



In the principal mass round 
concretions occur of a com- 
pact or radial-fibrous or con- 
centric felsite (labradorite), 
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very characteristic near Bemeck^ where the small felsitic glo- 
bules have a \iolet-coloured nucleus and a white ring. 
{g) Wackenitic Diabase, or ) Decomposed, discoloured, earthy, 
Diabase Wack6. L aiid can only be determined to be 

dubaa-wackb. {Germ.) \ such b J its juxtaposition with Other 
Wacke dlabamiqub. iFr.) ) diabase. 

The following rocks are varieties of diabase in respect 
of their composition, or are to be classed under the head 
of diabase on account of their close approximation. 

Varieties in Composition, 
(A) Common Diabase. 

(t) Calcareous Diabase. ] In the fine-grained or compact matrix 
kalkdiabas. (Germ.) of diabase rock are found small rounded 
lABASECALCAiRB. (/v.) graJng of calcsmr which do not appear 
to be the fillings-up of cavities. This somewhat proble- 
matical variety has been called calc-trap by Oppermann. By 
others it has been called blatterstein, calc-aphanite, diabase, 
and amygdaloid, and if somewhat slaty, schalstein. (Loben- 
stein in the Fichtelgebirge.) 
(k) Eukrite. \ A crj'stalline-gTanular compound of anor- 

Eukmt. (Germ.)} thite and augite, occasionally with some 
olivine, hornblende, and epidote. The latter appears to have 
arisen from decomposition. 

This rock, according to its mineralogical composition, would 
almost appear to be better classed with dolerite than diabase, 
but according to Tschermark and Krafft, its geological cha- 
racter is plutonic. 

It appears at Gumbelburg near Neutschin in Moravia. Some 
meteorites have precisely the same composition. 
(I) Teschinite. 1 Is the name given by Hohenegger to a 

TEscHmrr, Hohenegger. f rock whose mass is chiefly felsitic, and 
(Germ.) ^ which hypersthene forms long black 

needles; it sometimes also contains fine needles of apatite. 
This rock has broken through chalk formations and even 
eocene strata in the neighbourhood of Tetschen, where it some- 
times forms irregular masses, sometimes veins. According to 
von Hochstetter, hornblende and augite form part of its com- 
ponents, also sometimes augite and labradorite with subordi- 
nate admixtures of iron pyrites, magnetic iron-ore, mica, and 
chlorite- These therefore are compounds which might partly 
be classed with the diorites and partly with diabase, hyper- 
sthenite, or even dolerite. 

More by way of appendix than as properly inclusive in 
this class^ we here add : — 

(m) Augite Rock (Lherzolite). ) A granular to compact ag- 

AuGiTFEM, Lherzouth. {Germ.) \ crreffate, chiefly consisting: of 

LHEBzoLTiB. (/v., ^ L^te, dark-gi^eii, btowi^ Or 

grey ; as accessory components it contains some talc, steatite, 
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schorl, hornblende, or calcspar. This rock can only be said to 

be allied to diabase j it forms subordinate masses at the Lake 

Lherz, near Vicdessos in the Pyrenees. [According to Damour, 

however, this rock of the Lherz is not thus composed, but 

consists of olivine, eustatite, and diopside. See Neuesr Jahrb. 

f. Mineral. 1863, p. 96.] 

(n) Maxakolite. ) Found in granular limestone near 

Malakoltthpelr. (Oerm.) f Rocklitz at the foot of the Rie- 

PYKoxfiNiTK, coquand. (Fr.)) ^engebirge, where, according to 

Herter and Porth, it forms subordinate masses, containing 

copper-ore and consisting essentially of compact salite (mala- 

The diabases and the last mentioned rocks, which are 
related to them, are either found in indefinite masses or 
with columnar, spherical, or irregular spheroidal jointings. 

The genuine diabases are most frequently found in 
the Devonian, Silurian and Cambrian formations, so for 
instance in the Voigtland, Fichtelgebirge, and Hartz 
mountains, where sometimes the immediately adjoining 
clay-slate is transformed into a kind of hornstone. 
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5. GABBRO. 

Gabbro, von JBuch, (Germ.) 
Gabbro. (Fr,) 

These rocks are compounds of lahradorite or saus — 
suritCy with diallagcy smaragditCy or hypersthene^ 
and usually some other minerals. They are distin — 
guished by the irregularity of their composition anc^ 
texture. 

Spec, grav 2-8--3-1 

Contains silica 43—46 p. c. 

The Italian name of Gabbro, which L. v. Buch firsts 
applied to a distinct class of rocks, has a broad and 2t^ 
narrow signification ; but as even the narrower meanin^^ 
is not very definite, the name is more serviceable in .it^- 
comprehensive sense, and in which it is more generally^ 
understood. 

Naumann, using the term in its narrower sense, de — 
scribed gabbro as a compound of labradorite or saussurit^- 
with diallage and smaragdite, and he separates from it^ 
hypersthene rock or hyperite, which essentially consist*- 
of labradorite and hypersthene ; and there are some verjn 
similar rocks which have received the names of norite and 
euphotide. 

All these in fact only form varieties of the same rock ; 
they are very difficult to distinguish from each other 
when they occur in a somewhat fine-grained ^tate ; and 
when they pass over into the quite compact state, as i* 
often the case, they all become aphanite. 

Since the texture of these rocks frequently changes 
very rapidly, that is within a small area, from very coarse- 
grained to fine-grained, compact, or slaty, their division 
into varieties of texture cannot serve any useful purpose^ 
We shall therefore only enumerate the varieties of com- 
position, which are the following : — 

Varieties in Composition, 
(a) Gabbro, Diallage Rock, Graititone. ) Consists of lakra^ 

Gabbro. (Germ.) i - dorite Or saussurite? 

BiALLAQjTE, Desciaizeaux. (Fr.) J and diaUage, OT Sma- 

ragdite irregularly combined, also sometimes of all those mi^^ 
nerals together. It is very coarse-grained, fine-grained to 
compact, sometimes slaty or spotted (variolitic). 
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The felspar if in the form of labradorite is coarse-grained to 
fine-grained ; colour — ^white, grey, or violet. If it be saussurite 
it is compact and white or greenish. 

The diallage occurs in white individual crystals of half 
metallic lustre, grey to green. The smaragdite is grass-green, 
and has a mother-of-pearl lustre. Small quantities of sparry 
carbonates are often also contained in the compound frequently ; 
not visible, but recognisable through effervescence with acid : 
they are probably of secondary origin. The visible accessory 
ingredients are mica, talc, hornblende (especially at the mar- 
gins of the diallage), actinolite, garnet, iron pyrites, magnetic 
iron-ore, titaniferous iron-ore, specular iron, and apatite. Many 
of these also may be secondary formations. Calcspar and 
quartz occur in nests or veins. 

This rock passes into serpentine by transmutation (as near 
Siebenlehn in Saxony) into aphanite by becoming compact, 
and apparently it also even passes into diorite, diabase, granite, 
and granulite. 

The prevailing character of gabbro is massive. It penetrates 
older rocks and formations in a massive form, or in the form of 
veins fonns apparent parallel strata in such. But it is also fre- 
quently penetrated by veins of granite, which in that case gene- 
rally contain some orthite, as near Rosswein and Bohrigen in 
Saxony. In the Kadauthal in the Hartz, where it may be easily 
mistaken for diabase, it also contains wollastonite, schillerspar, 
and rutile, and in fissures also desmine, prehnite, and albite, 
near La Prese in Upper Italy. It consists, according to Breit- 
haupt, principally oi hornblende with metallic pearly lustre 
(schillerspar), and a felspar of the highest spec. grav. with 
some brown mica. If the felspars have become much wasted 
from weathering, then the pyroxenic ingredients often appear 
above the surface in strong relief. 
[h) ErPHOTiDE. \ The euphotide of French geologists is 

EupHODiT. (Germ.) ^ accordinff to Delesse, essentiallv a com- 
EuPHoiiDB,^a%.(/'r.)J bination of felspaj and diallage with 
titaniferous and chromic magnetic iron-ore, iron pyrites, ser- 
pentine and carbonates. The felspar is Saussure's jade, which 
afterwards Beudant called saussurite. It approacnes in cha- 
racter labradorite, also vosgite and anorthite. The diallage 
often occurs as the variety smaragdite, which, according to 
Haidinger, properly consists of a combination of hornblende 
and pyroxene. The talc forms small laminae, scarcely percep- 
tible, the serpentine minute veins. The carbonates consist of 
invisible particles of calcspar, dolomite, and iron. As acces- 
sories there also occur hornblende, mica, and garnet, especially 
characteristic in the Alps and in Corsica, 
(c^ NoRiTB. \ The norite of Scheerer (not of Esmark) is a 

^oKTT, Scheerer. Y compound of hypersthene or diallage, labra- 
iOerm.) ) ^Jqj^^^ orthoclase (containing soda), and even 
some quartz. 

The felspathic ingredient of this rock is sometimes so pro- 
minent that the whole mass almost appears to be nothing but 
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a granular felspar rock. It occurs on the island Ilitteroe, 
Norway. 
(d) Hypersthenite, Hyperite. \ Consists of a coarse-grained to 
HYi'ERSTHENiT, HYPERaTHBNSYKNiT, j. compact coHipound 01 labrado- 

Sklagit. (Germ.) >. ^„ i v„-«™4.v»««« 

HYPfeHiTE. (/v.) J nte and hypersthene. 

Labradorite is the prevailing ingredient, coarse to fine- 
grained, grey, greenish or bluish. The hypersthene appears 
dark-brown, to green on its cleavage surfaces, has a metallic 
pearly lustre, its outer edges sometimes coated with horn- 
blende. The labradorite is the most strongly affected by 
weathering, and it decays away, leaving the hypersthene to 
protrude. The following minerals occur as accessories in this 
rock : — Titaniferous iron-ore, garnet, hornblende, olivine, brown 
ndca, needles of apatite, iron pyrites, and magnetic iron-ore. 
It usually is of a massive structure, and forms veins or irregular 
masses between other rocks. It occurs characteristically in 
HoUenmiihle, neat Penig in Saxony, Neurode in Silesia, Isle 
of Skye, Elfdalen in Sweden. 

The monzon-hypersthenite of v. Eichthofen differs slightly 
from the ordinary kind. It consists of a very distinctly crys- 
talline granular compound of dark-green to black hypersthene 
with greenish-white labradorite. The hypersthene is usually 
the principal ingredient ; sometimes, however, the labradorite 
is entirely predominant, and in that case distinct crystals of 
common black augite occur in the mass. 

The hypersthenic varieties also sometimes contain the like 
in small quantities, also dark-brown mica-plates and crystals 
of titaniferous iron-ore are found. At Monzoni in Southern 
Tyrol, this rock has broken through genuine syenite (free from 
quartz) and formed veins in it. 
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2 apatite. He found the content of silica very high, viz. 
66*6. Poggend. Ann. 1855, voL xcv. p. 418, and v. L. u. 
Br. Jahrb. 1857, p.436. 
Websky, Gabbro von Neurode. Zeitschr. der deutschen geol. 
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6. DIORITE. 

DiORiT. (Germ.) 
DiORiTE, Haiiy, (2^.) 

A crystalline-granular compound of felspar and horn- 
blende. The felspar is not orthoclase. In fresh state 
it is usually dark green. 

Spec, grav 26— 2-9 

Contains Silica 47 — 58 p. c. 

Diorite was first so named by Haiiy. Its texture is 
often so fine-grained that it is difficult to determine the 
species either of its felspar or hornblende, although the 
minute particles of the former in most cases shew the 
fine parallel striae which are characteristic of albite, 
oligoclase, anorthite, or labradorite, and which forbid the 
idea of orthoclase. Gustav Rose in his first work on 
greenstones held the felspar of diorite to be albite. Sub- 
sequently he embraced the view that albite never occurs 
at all in crystalline rocks. Although this latter opinion 
is shared by few, yet all observers now agree that the 
felspar in diorite which was formerly taken for albite is 
usually oligoclase. Delesse again has recognised labra- 
dorite and anorthite as essential ingredients in many 
kinds of diorite. Thus the difference in the species 
of the felspar constitutes one class of varieties of the 
rock. The hornblende is also various : generally it is the 
ordinary hornblende ; sometimes, however, a variety more 
ipproaching to actinolite, and Breithaupt lately disco- 
i^ered an entirely new species of hornblende as an essential 
ngredient in many greenstones of Servia, Transylvania, 
ind Hungary. It has a black colour and greenish-grey 
jtreaks. He named it gamsigradite after the name of the 
jlace where he first found it. 

But inasmuch as it is not easy, and in the fine-grained 
tate of the rock impossible with certainty, to recognise 
he different species of felspar and hornblende, it does not 
Lppear to us desirable on their account to dignify these 
lifferent varieties of diorite with the character uf indi- 
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vidual rocks, although it is well to distinguish them where 
possible, since they are somewhat mineralogically dif- 
ferent. The gamsigradite variety has been named by 
Breithaupt Hmacite, from one place where it occurs. 
This timacite has also a geological importance, as it is 
found to have broken through the older tertiary strata of 
Hungary and Transylvania, whereas the greater number 
of diorites are much more ancient. 

All these mineralogical differences are very trifling in 
a chemical point of view ; so that we may well consider 
them but as the result of somewhat unequal cooling of 
the same original mass. We do not mean that they 
should therefore be disregarded, on the contrary we 
consider that it would be an inquiry of the greatest 
geological interest to endeavour to trace their causes. 
Such an inquiry, to be successful, however, would demand 
a comparison of many special and accurate observations of 
the rock taken from various localities. 

The following minerals sometimes occur in diorite as 
accessories ; mica (brown and black) pyrites, magnetic 
pyrites, magnetic iron-ore, titaniferous iron-ore, titanite, 
garnet-pistacite, and quartz. Some of these may be of 
secondary origin, e.g. the pyrites and the pistacite, which 
latter appears to have proceeded from the hornblende, and 
sometimes contributes to the green colour of the rock. 

The fine-grained varieties of syenite may be easily 
mistaken for diorite, the only essential difference between 
the two being that orthoclase is a necessary ingredient of 
syenite. The following characteristics may assist in dis- 
tinguishing the two rocks, although not always to be re- 
cognised in them, nor universally to be relied on. Diorite 
is more frequently fine-grained than syenite, and gene- 
rally (owing to its hornblende) more green in colour. In 
diorite the felspar decomposes sooner than the horn- 
blende, and therefore on weathered surfaces the latter 
often protrudes prominently, whereas syenite weathers 
more evenly and falls into a kind of sandy grit. Diorite 
usually contains more pyrites than syenite, and the latter 
more frequently contains titanite or wohlerite than the 
former. Their variations of texture and their outward 
structure, as well as their place in nature, are usually 
somewhat different, as will appear from the short ac- 
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count which we shall give of each under their respective 
heads. 

As varieties of texture without regarding varieties of 
composition, the following kinds of diorite may be distin- 
guished : — 

Varieties in Texture, 

(a) Granular Diorite. \ The most normal variety, e.g. at the 
KoBNiQER DioRTT. {Germ.) \ Klumpsen momitain, near Ebers- 
DiomTEGEAxnoiDE. (/TO) bach,mOberlau8itz 

(i) Fine-grained Diorite. \ Passing into comjjact (aphanite) 
Feixkorxiger bis dichteb I Belmsdorf, near Bischofswerda, in 

DIORIT. (Oerm.) [ OhprlAiisif/ 

DlORTTB LTTHOltDE. {FY.) ) UDeiiaUSlLZ. 

(c) PoRPHTRiTic Diorite, or DioRiTE-j With crystals of felspar or 

Porphyry. . amphibole, going over into 

PorphyrartigerDiorit. {Oerm.) aiihanitic Tiorohvrv 

Diorite porphyroXde. {Fr.) ) ap^amuc porpnyry. 

(d) Slaty Diorite, or Diorite-Slate. ] The slaty texture usually 

Diorit-Schiefer. {Oerm.) ■ imperfect, passing into 

DIORITE ScHiOToiDB. {Fr.) J aphauite sktc. 

(e) Orbicitlar Diorite, or ^ The globular conformation is only 

Napoleonite. a local appearance in diorite. It 

KuGEL-DioRiT. {Germ.) " occurs very characteristically and 

Dio^^oRBiocTLAiHE. 5ro«^.j beautifully near Sautiua Rud Ajac- 
cio, in Corsica. The rock consists, 
according to Delesse, of a combination of anorthite, blackish- 
green hornblende, and some quartz, so that it is a distinct 
variety in respect of its composition no less than its texture. 
The constituent minerals form alternating concentric layers 
roimd kernels. The kernels themselves consist (almost exclu- 
sivelyj either of the anorthite or hornblende (not of both), and 
they likevvise exhibit a radiated texture. Thus we find balls 
of from one to three inches in diameter, whose section shews 
rings of alternate light and dark colour. 

At Schemnitz (Stephen-shaft) orbicular timazite occurs, but 
the spherical masses are not in concentric layers. 
(/) Amygdaloidal Diorite. ) Only occurs rarely, and with 

MANDELSTEiNARTiGERDioRrr. {Germ.)) a fine-grained to compact 
matrix, which passes into the state of aphanite. 

This decomposed discoloured, and 
somewhat earthy state can only be 
recognised with certainty as belong- 
ing to diorite by tracing its transi- 
tion from distinct rocks. The foregoing differences of texture 
are however repeated in it. 

Varieties in Composition, 

(A) Common Diorite essentially consisting of oligoclase and horn- 
blende, the diorite of the Huhnberge, in the Thuringian Forest, 
is somewhat differently composed, inasmuch as its felspar con- 
tains lithia, and very many small needles of apatite occur 
disseminated through the whole mass. This rock, which is 



\ (y) Wackenitic Diorite, or 

DlORITE-WACK^. 

Diorit-Wacke. {Germ). 
WACKE DIORinQTJE. {Fr.) 
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sometimes very coarse-graiBed, has "broken through the rothlie- 

gende and becomes quite compact near the surfaces of contact. 

(i) Anorthite-Diorite. ) In which the oligoclase is partly or 

Anorthit-Diorit. (Germ.) i wholly replaced by anorthite. As for 
instance in the orbicular diorite of Corsica, which likewise 
contains some quartz. 
(k) TiMAZiTB (Trachytic Grkenstone). ) Consists, according to 

TiMAzrr, Breithaupt. (Germ.) j Breithaupt, of a grey 

or greenish-grey felsitic base, in which are imbedded crystals 
of white felspar (albite or mikrokline), black hornblende (gam- 
sigradite), some mica, magnetic iron-ore, and iron pyrites. The 
base, which is fine-grained to compact, corresponds most closely 
with labradorite. 

The cleavage-prism of gamsigradite shews an angle o1 
124° 26', its hardness is 7, and spec. grav. is S° V ; it has e 
greenish-grey streak. The mica forms hexagonal brown plates 
The magnetic iron-ore forms very small grains or crystals 
the iron pyrites very small cubes. 

According to an analysis by Dr. Rube the timazite of Gam 
sigrad, in Servia, contains about 50 per cent, of silica. W 
have already stated that this rock is frequently met with i : 
Transylvania and Hungary, especially in the mining districts 
and that it has penetrated throuffh the Eocene sandstones. W" 
have elsewhere described a rock occurring in Borsabanya, i. 
the Marmaros, in the north of Hungary, which we names 
labradorite-rock, because its prevailing base consists of labrti 
dorite. According to Breithaupt this is essentially the sair:i 
as timazite ; but we find from Dr. Rube's analysis that it coi:: 
tains above 63 per cent, of silica, and therefore it belongs * 
the acidic rocks. As, according to Delesse, the diorite of Fox3 
Jean, in the Vosges Mountains, also contains labradorite, it i 
very possible that it is a timazite. 
(0 Calcareous Diorite. ) ^^ ^^^ "*°^® ^^^^ bySenftto a darl? 

Kalk-Diortt, 5«n/f. (Germ.) \ green, more or less distinct compoun< 

HKMrrHBtoiB. (Fr,) ) of hornblende, oligoclase and mica 

penetrated with calcspar, and which near Ruhla, in the Thurin- 
gian Forest, forms a stratum in ndca-schist. 

The jointed structure of the diorites is usually irre- 
gular ; but sometimes columnar or globular. 

Diorite frequently occurs in subordinate masses, veins, 
or dykes in the schistose or slaty rocks of the Silurian or 
Devonian age, and (exceptionally) sometimes in much 
newer formations ; sometimes also in granite, gneiss, or 
mica-schist. 

Appendix, 

The NoRiTE of Esmark (different from that of Scheerer) veiy 
widely spread in Norway, appears only to be a variety of 
diorite containing quartz and mica. 

The Ophite of Palassou is, according to its description, a tolerably 
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compact diorite. The Mica-Diobite of Delesse on the other 
hand ought rather to be classed with Syenite than here, on 
account of its containing orthoclase. 

Eeferences, 

G, Rose on Greenstones in Poggend. Annal. 1836, vol. xxxiv. 

p. 1. 
Keibel, Analysen in d. Zeitschr. d. d. geol. Ges. 1867, vol. ix. 

p. 675, and v. Leonhard u. Br. Jahrbuch, 1869, p. 446. 
Rtvi^e, BuUet. de la Soc. g^ol. d. Fr. 1844, vol. i. p. 528. 
Hunt in Sillim. Amer. Joum. 1869 [2] xxvii. p. 340. 
V. Rkkthofeny Geogn. Beschreibung v. Sud-Tyrol, 1816, p. 111. 

The diorite at Klausen contains actinolitic hornblende with 

oligoclase. 
Delesse on Orbicular diorite, which was first described in 1786 

by Besson, in the Joum. d. Phys., and on the Diorite of the 

V osges, Ann. des Mines, 1869, vol. xvi. pp. 160 and 339 ; 

1861, p. 149. 
Breithaupt on Timazite, in the Berg- u, Hiittenm. Zeitg. 1861, 

p. 51. On the Difiusion of Timazite. 
Compare Cottars Gangstudien, vol. iv. pp. 28, 66, 65, and 86. 
Senft on Calc-diorite. In the Zeitschr. d. d. geol. Ges. 1868, 

p. 308. ^ 

JEsmark on Norite in the Magaz. for Naturvidenskabem, vol. i. 

p. 207. 
Charpentier on Ophite, Constit. g^l. des Pyr^n^s, 1823, p. 481. 
Bufrenoy on Ophite, Ann. des Mines, 1832 [3] vol. ii. p. 21. 
v. Rath, The diorite of Neurode, in Silesia, consists of 66 
» parts of hornblende, and 44 saussurite. The former has been 

formed from augite according to G, Rose^ Pogg. Ann. 1856, 

voL xcv. p. 666. 
Herm, Vogelgesang, as to globular diorite, Berggeist, 1862, 

Nos. 90 and 91. 

7. APHANITE.— Trap in part, Melaphyre in part 
Aphanit. (Germ,) 
Aphanite, Haiiy, (Fr.) 

A compact, apparently homogeneous ma^s ; usually dark 
green to black ; of about the hardness of felspar ; 
very tough ; sometimes porphyritic by reason of crys- 
tals of felspar y hornblende, or pyroxene ; also vesicular 
or amygdaloidal. 

Spec, grav 2-6— 2-9 

Contains silica .... 43 — 68 p. c. 

The separate ingredients of the principal mass of this 
i^ock are not to be recognised with the naked eye, hence 
the name of aphanite, given by Haiiy. Wehave abeady 
shown that transitions take place into aphanite from 
diabase, gabbro, or diorite ; proving it to be but a com- 
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pact state of one or other of those rocks, bearing the same 
relation to them as basalt to dolerite; a view which is 
entirely confirmed by chemical analysis. 

The minuteness and intimate union of the individual 
constituent ingredients of aphanite when quite compact, 
no less than their general resemblance to each other, 
make it impossible with the ordinary aids to discover 
from the appearance of the rock whether it belongs to 
diabase, gabbro, or diorite. We can only draw conclu- 
sions in this respect from finding it in conjunction with 
one or other of those rocks. If, however, the aphanite 
be porphyritic, then the minerals porphyritically enclosed 
in the compact matrix may give a clue to the composition 
of the latter ; for instance, we frequently find labradorite, 
oligoclase, pyroxene, or hornblende thus porphyritically im- 
bedded in aphanite. It is dangerous, however, to rely too 
implicitly ton conclusions so drawn, and on every account, 
therefore, in describing the varieties of aphanite we refrain 
from the attempt to keep up distinctions corresponding 
to the three normal rocks of diabase, gabbro, and diorite. 

Possibly by careful microscopic observations we might 
succeed in determining the special mineral character of 
every aphanite. But such observations are attended with^ 
considerable labour, and the appliances are not always* 
within reach; on a journey they would be out of the 
question. We may, however, state that the microscopic 
observations which have been made of aphanite entirely 
confirm what we have already said respecting its nature, 
and show that even the accessory ingredients of the three 
normal rocks are represented in its composition. The 
greater number of aphanites appear to belong to the 
pyroxenic greenstones, or we might rather say that these 
latter have more frequently assumed the compact state 
than the hornblendic varieties. Many varieties of texture 
and composition which are found in the three granular 
rocks are likewise repeated in the compact rock; 

Varieties in Texture. 

(a) Common compact Aphanite. 

Gemeixer dichter Diorit. (Germ.) 

Aphanite UTHolDE. (Fr.) n i. j -x t 

(b) Porphyritic Aphanite or ) With crystals of labradonte,oli- 

Aphanite-Porphyrt. . goclase, hornblende, augite, or 

PorphyrartigerDiorit. (Germ,) uralite. Accordingly we dis- 
APHANrrBPOBPHYRorDE. (Z'r.) ) tluguish labradorite -porphyry, 
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olifroclase-porphyry, augite-porphyry, or uralite-porpliyTy, of 
which we will treat more at large hereafter. 

Near Manebach, Herges, and Tabarz, in the Thuringian 
Forest, there occur aphanitic porphyries whose felspar crystals 
are not yet accurately determined. 

(c) Slaty Aphanite or Aphanite-x tt n i • j- x,- .i 
W g^^^ 1 Usually oidy mdistmctly 

APHANiT-ScmBPER. (Germ.) \ slaty, or of thick cleavage. 

(d) Vesiculae Aphanite. ) Rather rare ; sometimes it would 

blasigbr aphanit. (Oerm.) \ appear that the vesicular cavities 
APHA^T^EVAcuoLA^RB. {Fr.)) j^^ve been once filled, and their 
contents weathered out. We often find them empty at the 
weathered surface, but still remaining filled in the fresh in- 
terior of the rock. 

(e) Amtgdaloidal Aphanite. \ The vesicular cavities are most 

APHANTT-MANDBiirrBiN. (Oerm.) \ usually filled with calcspar or 
APHA>Ti^AMYGDAix»tDEL (Fr.)) ^eoUtic substanco. 
(/) Wackekitic Aphanite, or] Discoloured and earthy through 
Aphanite- Wack^. . decomposition, its petrographic 

Aphanit-Wackb. (Germ^ character only to be determmed 
WACKEAPHA^mQm. (Fr.) ) |,y i^ surroundings. 

As varieties of composition the following species may 
be distinguished in addition to the usual quite compact 
form : — 

Varieties in Composition. 

(g) Calcaeeoits Aphanite. ) In the compact and slaty mass are 
^^^K^^Nw^^jHALsrBiN| found grains of calcspar or brown 
p erm.) ^^ which are not fillings up of 

vesicular cavities. 



The compact base con- 
tains concretions of 
greenish or violet grey- 



(A) Vakiolitic Aphanite, Vaeiolite. 

Variolithisoheb Aphanit,Vabioijth. (Oerm.) 
Varioltthk, Jadeglakduleux, Brongniarty £lie 
de Beaumont. (Fr.) > 

ish colour, either of stringy, radiated, or concentric texture from 
the size of a grain of mustard-seed to that of a walnut, firmly 
grown in, and not very sharply defined. They consist of a 
felsite (probably labradorite), but frequently also contain some 
pistacite in concentric layers. As accessories in the matrix of 
the rock we find iron pyrites and magnetic iron-ore, in its clefts 
and cavities quartz, pistacite, calcspar, and chlorite. 

Delesse has narrowly investigated and described the vario- 
lites of the Durance, and he also mentions those of the Fichtel- 
gebirge, and of Savoy, &c. (Ann. des Mines, 1850, vol. xvii. p. 
116.) Their spherical concretions often exhibit a reddish, violet, 
or grey kernel, round that a lighter coloured rind, and round the 
latter a green shell of a somewhat lighter colour than the 
enclosing matrix of the rock. In the latter, with the aid of 
the microscope, he also discovered small laminae of felspar. 
(i) LABRADOBiTE-PoEPHYEr(BLACKPoKPHTRT).|The black matrix 
Labradorporphtr. (Germ.) f incloses crvstals 

MfiLAPHYBE BmDSFAimQUlL (Fr,) ) ^^ l^bradorite BUd 
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small particles of a dark green mineral not yet determined ; spec, 
grav. 2*7, content of silica 56-58 p. c. By aid of the magnifying 
glass Streng found the apparently compact matrix to be dis- 
tinctly crystalline, consisting of one mineral of dark-green in- 
clining to black, and another of a lighter green colour. Probably 
they are the same as the minerals which also occur in a distinct 
form. The crystals of labradorite often shew a dark dull-green 
kernel, surrounded by a light and shining margin. The strisd 
of twin crystallisation are continued equally through both. 
Sometimes the reverse is the case, the kernel is light and 
shining, and the margin dull and of a darker colour. As acces- 
sories, but rarely, and only in small particles, brownish-black, 
mica plates, pyrites, and magnetic iron-ore. Near Elbingerode 
at the Hartz, this rock penetrates Deyonian slates and lime- 
stones. 

To this class belong the rocks described by Delesse, found 
by him at Belfaly and Ternuay, in the Vosges ; these contain 
augite, and are ainygdaloidal in part. Also the rock described by 
Kjerulf as melaphyre from Bamekjem, near Christiania, as well 
as many other so-called melaphyres and porfido-verde-antico. 

Streng in v. L. u. Br. Jahrb. 1860, p. 397. 

Delesse in Ann. des Mines, 1847 [4J vol. xii. p. 228. 

Kjerulf y Christiania Silurbecken, 1855, p. 28. 

(A;) Oligoclase-Pokphtbt. ) Is the name given by G. Rose to a 
OuGOKLAflPORPHTR. {Germ.) ) diabasic or aphanitic rock in the IJnd 
Mountains, which has a dark green compact or nearly compact 
matrix containing crystals of oligoclase. Much porfido-verde- 
antico is of this character ; also the rock described by Delesse, 
as found by him at Lescines, in Belgium, containing some 
pvrites, ana some copper pyrites (unless it belongs to mica- 
diorite) and several rocks from the neighbourhood of Christiania 
described by Kjerulf. 

O. Bosey Reise nach dem Ural, vol. ii. p. 571. 

Delesse, Bulletin de la Soc. g^ol. d. Fr. 1849 [2] vol. vi. p. 
386 ; 1850 [2] vol. vii. p. 310. 

Kjerulf y Christiania Silurbecken, 1855, p. 9. 
(6) AuGiTE-PoRPHYRT. ] (Often called Melaphyre.) A com- 

AuGiTPORPHYR. (Oevm.) \ pact matrix, usuallv dark green, 

MfiLAPHYBE PYRoxfiNiQUB. (Fr.) J ^^^taining crystals of augite 

Fr. V. Richthofen reckons to this cuvision the most of the 
rocks of the Fassa region^ which are usually designated as 
melaphyres. 

These contain crystals of augite and labradorite (or sometimes 
oligoclase), inclosed in a matrix resembling basalt. Titaniferous 
iron-ore is also disseminated through the mass in small par- 
ticles. They are very variously developed; most frequently we 
find them vesicular and amygdaloidal. 

r. Bichthofen, Southern Tyrol, 1860, p. 128. 

(m) IjRALiTE-PoRPHTRr. \ Is the name given by G. Rose to 
VRA.uTPonFm[n,o. Rose. (Oerm.) \ rock containinff crystals of uralite 
PoBPHYBEiOuBAi^E. (/v.) ) in a compact dik, probably diabsfflc 
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matrix. This uralite has the form of augite, and the substance 
of homhlende. 

G, JRosej Reise nach dem Ural, vol. ii. p. 370. 

The four last-named varieties may be indifferently 
termed aphanitic porphyries, or greenstone-porphyries; 
and they are sometimes classed together under the name 
of melaphyres. The timazites of Hungary likewise fre- 
quently have a compact aphanitic base, for instance, those 
in the neighbourhood of Schemnitz, in which single crys- 
tals or crystalline particles of hornblende (gamsigradite) 
or felspar may be clearly distinguished. 

Aphanite is usually of jointed structure, or very dis- 
tinctly cleft ; generally the blocks are irregularly massive, 
sometimes, however, regularly columnar, or regularly or 
irregularly spherical. The aphanites occur in nature under 
the same circumstances as diabase, diorite, and gabbro ; 
and very often in their company. We have already sug- 
gested that they should be regarded as mere modifications 
of those rocks, differing from them chiefly in the greater 
rapidity of their original cooling process. The Saxon 
Oberlausitz affords striking instances in illustration of this 
opinion. The granite region there is found to have been 
broken through by dionte, and accordingly numerous 
dome-shaped hills of the latter rock protrude from the 
surface ; near to these the same eruptive mass has pro- 
duced narrower dykes (from 5 to 20 ft. thick), whose 
texture is fine-grained, nearly compact. Near Belmsdorf, 
not far from Bischofswerde, we observed a diorite dyke 
20 to 30 ft. thick, which in the centre was fine-grained, 
but almost compact towards the walls of the cleft, where 
it must have cooled more quickly. The offshoots from the 
same vein into the granite, and the narrow parts of the 
principal vein of only two inches thick, consist of a com- 
pletely compact mass, which might easily be taken for 
basalt, as it is almost quite black. These differences of 
texture are there manifestly the consequence of different 
degrees of rapidity of cooling caused by the different 
volume or thickness of the mass. 

On this subject see Erlauter. z. geog. Karte von Sachsen, 1839. 

No. 3, p. 24. Also on the subject of aphanite, — 
Delesse in Ann. des Mines, vol. zvi. p. 350. 
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8. MELAPHYRE.— Augite-Porphyry in part. Trap in 

part, 
Melaphyb. (Germ,) 
MiiLAPHTiLB, Brongniart, (Fr,) 

The rocks which we include under this name are dark- 
coloured, greenish, brownish, or black ; compact, por~ 
phyritic, vesicular, or amygdaloidal ; always free from 
quartz. They are compounds (intimately blended) of 
felsite, pyroxene, hornblende, and magnetic iron-ore. 

Spec. grav. . . . . ♦ 2-6--31 
Contains silica 54 — 62 p. c. 

The name melaphyre has ceased to bear a distinct 
character, having been successively used by different 
geologists, ever since the time of Brongniart, who first 
mtroduced it, for many and various igneous rocks having 
nothing in common with each other, unless it be a pre- 
valent compact texture, dark colour, and absence of 
quartz. Hence the name conveys no definite idea, unless 
qualified by the name of a particular author, and that is 
not always suflBcient without the name of the locality. 

There are many and various rocks of uniform dark 
colour, of a prevailing compact or amygdaloidal texture, 
close compounds of some kind of felspar with pyroxene, 
hornblende, and magnetic iron. We have already 
spoken of several such under the heads of basalt and 
aphanite. Much of what has been called melaphyre cer- 
tainly belongs to our basalts and greenstones. The rocks 
of which we shall treat under the name of porphyrite 
have often been called melaphyre, and if we take away 
all that may be ascribed to basalt, greenstone, and por- 
phyrite, little will be left to which to apply the name of 
melaphyre. 

Under these circumstances the name can only be use- 
fully retained as a sort of provisional term for any basic 
igneous rocks of prevalent compact texture and dark 
colour, whose composition is not so definitely marked as 
to entitle them to be included under any other more 
distinct species ; much in the same way as we are often 
compelled to use the general name of greenstone for 
rocks whose mineral character is not sufiiciently decided, 
or has not been sufiiciently investigated, to enable us to 
class 'them as diorite, gabbro, or diabase. 
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In dealing thus, for our own part, with the name of 
melaphyre, we here subjoin a quasi-historical account of 
the mode in which it has been used by different authors. 
We think the divergence of their readings will be a 
sufficient justification, if any be needed, for the way in 
which we propose that the term should in future be 
accepted. 

(a) Al. Brongniarty the inventor of tlie name melaphyre, described it 
as 'Pate noire d'amphibole p^trosiliceux enveloppant des 
cristaux de feldspath ; ' what is here meant by 'amphibole p^tro- 
siliceux ' is very uncertain, the more so as at that time (1813) 
the differences Detween hornblende and pyroxene were not so 
well established or known as they are at present. 

(5) X. von Buck first applied Brongniart's name of melaphyre to 
certain black-coloured rocks of the Fassa Thai and the Seisser 
Alp (see ante, p. 162). He, however, also called these rocks 
black porphyries or augitic porphyries, because they contained 
crystals of augite, and their matrix was also black and rich in 
augite. He also included under the same designation many 
rocks of the Hartz and Thuringian Forest, &c., whose compo- 
sition he presumed to be similar, and which he considered to be 
the original cause of the upheaval of those mountains. To 
them he also ascribed the formation of dolomite in several 
localities. As the principal characteristics of this rock, he 
enumerated dark colour, great content of augite, and complete 
absence of quartz. See von Leonhard's Taschenbuch, 1824, 
vol. ii. pp. 289, 372, 437, and 471. 

(c) Naumann says. on this subject, ^ The rocks which Al. Brong- 
niart has introduced under the somewhat singular name of 
melaphyre are for the most part identical with those which 
Faujas de Saint Fond collected under the Swedish name of 
trap, and of which Warmholz, Steiniger and others have 
made use in the same sense. Werner called them trap-por- 
phyries or trap-amygdaloids ; Zobel and v. Carnal, porphy- 
rite. Freieslelin called them pseudo-poi-phyries ; v. Kaumer, 
basaltite ; and in many French writings they are also in part 
caUed spilite. Trap and melaphyre are probably the most usual 
names at the present day ; for although the Swedish trap, ac- 
cording to Erdmann is a diabasic rock, whereas the rocks 
which bear the same name in the Faroe Islands and Iceland 
are basaltic formations, it nevertheless appears to be most useful 
to retain (with L. von Buch) the name of melaphyre for the 
rocks which we are about to treat.' These are then described 
as compounds of labradorite, and (probably) augite in small or 
invisible crystals (therefore compact), but aJone recognisable, 
and frequently in the form of scattered crystals, the rock very 
much inclined to the amygdaloidal in texture. They are 
further described as always containing magnetic iron-ore, car- 
bonate of protoxide of iron, and carbonate of lime, in invisible 
particles, as well as some rubellan and mica. Their petro* 
M 2 
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graphic difference from the basalts, according to Naumann, 
confined to the want of olivine, and to the circumstance th 
the augite is not to be recognised with certainty. Geognosi 
and in v. L. u. Br. Jahrb. 1860, p. 1. 
(d) Von Richthofen attempted to put an end to the confusi< 
which the name of melaphyre had gradually introduced 1 
restoring the definition of ^rongniart, and he believed that 1 
had discovered the identical rock in various places ; for instanc 
at Schneidemiillersberg near Ilmenau, in the Schleusenthal, 
the Thuringian Forest, between Landshut and Glatz in Silesi 
near Oberstein, and between Botzen and Colmann in the Tyr( 
He describes the rock thus : — 

Compact matrix, dark-green or brown to black. Fractu 
uneven, inclining to conchoidal ; lustre shining ; hardness th 
of felspar or less; spec. grav. 2*7; contains crystals of felsp 
(oligociase or labradorite), other minerals only exceptionally 
be recognised. In his large work on the Tyrol he also reckoi 
the rock of which the summit of the Margola is formed to th 
compoimd of oligociase and hornblende, with much oligoclas 
labradorite, au^te, and hornblende, and partly of a fine-grain( 
species ; it consists partljr of an intimate compound of oligoclafi 
and few crystals oi augite. This latter vanety was termed 1 
v. Klipstein mulatt-porphyr. 

From the results of the chemical and microscopic analys 
of these rocks, from the minerals which they contain in a di 
tinctly crystalline form, and from their specific gravity, vi 
Richthofen framed conclusions respecting the mineralogic 
composition of the compact matrix, and pronounced it to co: 
sist essentially of oligociase and hornblende, with subordina 
quantities of apatite, titaniferous iron, sometimes also soc 
magnetic iron-ore, and chlorophaeite, or magnesia-mica. In 
often labradorite crystals lie imbedded exceptionally, perha^ 
also similar ones of augite, hornblende, epidote, or mica, b 
never quartz or olivine. 

In vesicular cavities there occur quartz and chalcedony, ct 
bonic spars and zeolites. (Vide Zeitechr. d. d. geol. Ges. 18£ 
pp. 689 and 593, which gives a very complete catalogue of t] 
literature on this subject; Sitzungsb. d. Wiener Akad. 
Wissensch. 1867, vol. xxvii. p. 293 ; Kemarks upon the di 
tinctions between melaphyre and augite-porphyry, Vienn 



1839, and Geogn. Beschreibung v. Sud-Tyrol, 1860, p. 141.) 
(e) E. Sochtmg, on the other hand, attempts to show tnat Riclii 
hofen's definition of the matrix is unfounded; that accord 
ing to the results of the analyses, it might just as well consifi 
of labradorite and augite, and that Brongniart was not to h 
depended upon as to the determination of hornblende (Zeitscb 
d. d. geol. Ges. 1867, p. 427). Sochting himself had formerl; 
described the so-callea melaphyres of the Thuringian Forest a 
an intimate compound of labradorite and augite in the Zeitschi 
d. ges. Naturwissenschaften, 1864, p. 197. 
(/) Girard starts with the principle that the geological character o 
rocks is the principal thing to be determined; and that the^ 
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should always be classed and named accordingly, rather than 
according to their mineralogical or chemical composition. He 
combats von Kichthofen^s view in respect of melaphyre, but 
seems somewhat to have misunderstood his meaning. For 
Richthofen merely sought to avoid the uncertainty into which 
the term melaphyre had fallen by keeping as strictly as possible 
to Brongniart s first definition, and thereby excludinff many 
rocks which had been called melaphyres. Girard, on the other 
hand, seeks to show that many of these excluded rocks really 
contain augite and no hornblende, a fact not disputed by 
Richthofen, but one which according to him did not entitle 
them to be called melaphyres. "We may, perhaps, think von 
Richthofen's narrowing of the sense of melaphyre unpractical 
or inconsistent : unpractical because, being too much opposed 
to prevailing ideas, it is little likely to be adopted ; inconsistent 
if token in connection with the enlargement of the meaning of 
the term trachyte which he himself advocated. Nevertheless 
it does not follow that it is in itself inaccurate, even if we 
choose to acknowledge Girard's premised principle to be the 
right one. Girard himself considers the melaphyre of Ilfeld 
to be a compoimd of a mineral containing felspar with augite, 
the augite lorming only one-fifth or one-sixtn of the entire 
mass. Whether the prevailing ingredient be labradorite or 
oligoclase, he leaves undetermined. Small black grains in the 
same mass, he takes for magnetic or titaniferous iron. He 
compares also some other melaphyre with that of Ilfeld. 
(v. L. u. Br. Jahrb. 1858, p. 173.) 
(s) Streng distinguishes three kinds of rock in the neighbourhood of 
Ilfeld by the names of melaphyre, porphyry-melaphyre, and 
melaphyre-amygdaloid. The first, wnicn should belong to our 
porphvrite, is a grey or brown-coloured rock with matrix re- 
sembling homstone, and containing small ciystals of felspar 
not longer than the tenth part of an inch, white or greemsh 
with twin striae (labradorite or oligoclase) associated some- 
times with crystals of an undetermined dark-green mineral 
grown into the felspar crystals ; the matrix likewise contains 
smaU reddjsh-brown garnet grains, also a light-green mineral, 
perhaps only the product of decomposition and very small par- 
ticles of magnetic iron-ore. 

In the melaphyre of Streng the principal mass is of dull ap- 
pearance, and m its fresh state is blue-black, distinctly crystal- 
line, of wavy lustre and friable — by weathering it becomes 
greenish-grey or brown. It is probably a compound of felsite 
and augite or hornblende, or a yet undefined mineral of the 
nature of diallage and some magnetic iron-ore. In the matrix 
occur very small crystals of the same diallage-like mineral, also 
larger columns of the same mineral which exhibit a growth of 
twin crystals, crossing each other regularly at an angle of 60°, 
and distinct small plates of rubellan. In a second essay Streng 
described the diallage-like mineral as a echillerspar which con- 
tains alumina. 
The melaphyre-amygdaloid of Streng consists of a homo- 
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geneous bw)wn matrix, of the hardness of 6*6, and contaii 
small amygdaloidal cavities filled with glauconite, chalcedon; 
and carbonate of lime. 

The specific gravity of these varieties fluctuates between 2 
and 2*7. Their content of silica, taking the mean of a considei 
able number of analyses, is for the melaphyre-porphyry 61*3, ft 
the melaphyre and melaphyre-amygdaloid 54*4. They fon 
together a plateau of considerable size between the lower an 
upper Rothliegende districts (Zeitschr. d. d. geol. Ges. 185< 
p. 99, and 1859, p. 78). Upon the position and bedding of thej 
rocks see Bantsch in Abhandl. d. naturf. Ges. zu Halle, 1858. 
(A) G, Rose defined the Hfeld melaphyre as follows : — a fine-graine 
almost compact mass of black or brown colour, sometimes coi 
taining small acicular crystals, or greenish-white crystal 
(likewise small). The texture is often vesicular or amjgdf 
loidal. According to the known analyses, both microscopic ai 
chemical, the matrix most probably consists of an intimate] 
blended crystalline compoimd of oligoclase, with augite ( 
hornblende, magnetic iron-ore, and some apatite; the fii 
acicular crystals appear to be augite transformed into schi 
lerspar ; the greenisn white crystals Rose could not determiu 
In local varieties also small crystals of mica occur and irregi 
larly shaped grains of some other mineral. 

The vesicular cavities, often very regularly shaped (for ir 
stance pearshaped), contain concentric layers of chalcedony an 
quartz as well as calcspar. 

The following are varieties more especially distinguished I 
Hose. 

Black melaphyre, from the Raben Klippen, at the Hartz. — ^. 
compact compound in which transparent prismatic crystals a: 
prevalent ; between them lie larger white crystals, very sme 
grains of magnetic iron-ore. 

Black melaphyre from "Wiepersdorff. — Matrix under the m 
croscope less distinct than the last-named \ in it lie diallage-li] 
crystals of augite. 

Red melaphyre from Wiegersdorff. — Matrix under the m 
croscope less distinct than the last-named; in it lie diallag 
like crystals of augite. 

Red melaphyre from the Birkenhoif. — ^The matrix reddis' 
brown, and containing green acicular crystals of augite. 

Rose considers these melaphyres to resemble chiefly those 
Lowenberg, Lahn, and Landshut in Silesia. (Zeitschr. d. 
geol. Gesellsch. 1859, p. 280.) 
(f) The Oberstein Amygdaloid. This rock, celebrated for i 
beautiful agates, is considered by many geolopfists to belong 
the melaphyres; thus (e.g.): von Dechen, Dufrenoy, Elie < 
Beaumont, and Naumann. Its principal mass, usually brown 
greenish, no doubt consists chiefly of felsite, and often contain 
small crystals of felspar, and amygdaloidal cavities filled wil 
agate and other minerals ; accordingly we should term the roc 
a porphyrite. Delesse was the first to give a careful analyst 
of it. Its spec. grav. is 2-68. Chemically it contains 51*1 
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silica, 29-73 alumina and peroxide of iron, 4*73 of lime, 40*73 
magnesia and alkali, 3*68 water and carbonic acid. From these 
data, as well as its mineralogical characteristics, Delesse con- 
cludes that the principa. mass essentially consists of labra- 
dorite ; in fact, there frequently occur in it a great number of 
small labradorite crystals, white and translucent : its frequent 
green colour appears to be owing to an admixture of chlorite. 
Sometimes some augite is observable, also small flakes of 
brown mica. Magnetic ii'on-ore iu very finelv divided particles 
appears to be uniformly dispersed through the whole mass. 

In the numerous amygdaloidal cavities, whose diameters 
vary from one-tenth of an inch to a foot, Delesse found agate, 
opal, quartz, chlorite, calcspar, different kinds of zeolite, hy- 
drated oxides of iron and manganese. 

The amygdaloid of Obersteia possesses compact flne-grained 
and porphyritic varieties, and occurs in the coal formation of 
that district, sometimes forming dykes and masses of consider- 
able size, sometimes parallel seams. It appears to have been 
thrust up about the tmie when the deposit of the rothliegende 
began. Perhaps its character is the same as that of the rock, 
previously described under the name of tholeite. (See ante, 
p. 138.) 

(Delesse in Ann. des Mines, [4] vol. xvi. p. 511 ; Steininger, 
Geogn. Beschreib. d. Landes. zu Saar. u. Rhein, 1840, p. 110.) 
(^) Smft designates as melaphyres almost all dark quartzless igneous 
rocks of the Thuringian Forest ; according to him, they consist 
principally of a compact mass of labradorite, combined with 
magnetic titaniferous iron-ore, calcspar, ironspar, and iron- 
chlorite (delessite). He distinguishes several varieties, viz. : 
in the first place, those resembling greenstones from those 
resembling basalt or felsite-porphyry, then according to their 
texture; (1) granular like dolerite, near Schmiedelfeld ; (2) 
porphyritic (melaporphyry), which he subdivides iuto labra- 
dorite- and melaphyre- (trap-porphyry), mica-porphyry and 
iron-chlorite (delessite) porphyry ; (3) melaphyre-amygdaloids, 
and (4) compact or fine-grained melaphyres. Surely these are 
rocks of very various character. 

(Bericht der Naturforscherversammlung zu Wien, 1858, 
p. 144.) 

As regards the so-called spilites of the Western Alps, which 
are also considered to belong to the melaphyre, compare — 

Gueymard, in the Ann. des Miues, 1850, [4] vol. xviii. p. 54, 
witif 

Delesse, ibid. 1857, [5] vol. xii. p. 457. 

K E. Schmid on Melaphyre of Mombaehler Hofen, between 
Baumholde and Grumbach iu Rheinpfalz, in Pogg. Ann. 1863, 
vol. cxix. p. 138. 

Modelling^ Melaphyre des Riesengebirges, Neues Jahrb. f. 
Miner. 1865, p.*344. 
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PORPHYRITES. 

As the rocks which come under this head are all inti- 
mately connected with each other by transition states, 
and they likewise all assume the same geological position, 
we shall characterise them as the varieties only of one 
species, describing them, nevertheless, individually. 

9. PORPHYEITE. — Felspar-Porphyry, Quartzless 
Porphyries, Mica-Porphyry or Hornblende-Porphyry. 
PoRPHYRiT, G.jRose, (Germ.) 

PORPHYRITE. (Fr.) 

Contains in a felsitic matrix {usually of dark colour^ 
individual crystals of felspar^ mica, or hornblende. 
The matrix is sometimes also vesicular or amygda- 
loidal. 

Spec, grav 2-6— 2-7 

Contains silica 59 — 61 p. c. 

The term porphyry , without addition or qualification, 
denotes, par excellence, quartz-porphyry , a rock with 
quartz-felsitic base and crystals of felspar and quartz 
(see p. 214 post, where it is more particularly de- 
scribed). Naumann, therefore, proposed (in his treatise 
on Ilfeld) to collect all the quartzless porphyries with 
prevailing felsitic base under the common name of POR- 
PHYRITE, which had already been applied to some of 
them. This nomenclature has now been pretty generally 
accepted. It appears to us certainly better than Rose's 
proposal to designate a part of these quartzless rocks 
syenitic porphyry (see also post, p. 210, where Rose's 
(fivisions are further explained). Many varieties of por- 
phyrite stand on the very margin between the basic and 
acidic rocks (their silica ranging from 49 to 61 per Cent.), 
but the greater part are basic. Quartz only occurs very 
exceptionally in their composition. 

These rocks, by reason of their prevailing dark colour 
and their deficiency in quartz, were formerly frequently 
classed as melaphyres. We have already expressed 
the opinion that most of the so-called melaphyres are 
either basalts, greenstones, or porphyrites, so that there 
is scarcely anything left to which to apply the name of 
melaphyre distinctively. But as it is often very difficult 
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to determine whether a rock Is properly a basalt, a green- 
stone, or a porphyrite, the name of melaphyre for such 
doubtful rocks may prove convenient and useful. It might 
have been more correct to give up the name of porphyrite 
and use that of melaphyre in its stead, both because the 
name of porphyrite refers to a texture which is not an es- 
sential feature of these rocks, and because the porphyrites 
are not always in fact porphyritic. Such an innovation, 
which Senft seems really to have intended, was, however, 
open to the serious objection that the name of melaphyre 
had already been so much abused as to make it hopeless to 
attempt now to clothe it with a definite meaning, althougli 
it may perhaps be usefully retained for rocks of indefinite 
character. 

The porphyrites may be divided into distinguishable 
varieties, according to their different composition. They 
may be best classed according to the distinct minerals 
which occur in them porphyritically. Thus we shall dis- 
tinguish Porphyrite (proper), with crystals of felspar; 
Hornblende-porphyritey with crystals of felspar and horn- 
blende ; and Mica-porphyrite^ with crystals of felspar and 
mica. 

i The porphyrites are usually severed by joints into irre- 
gular masses, or very deeply cleft by fissures ; they are 
more rarely jointed in columnar or tabular form. 

In Germany they are not met with of much more re- 
cent origin than the Rothliegende ; this formation is, how- 
ever, sometimes found pierced by them, and the two are 
very often contemporaneous. In Southern Tyrol, much 
more recent porphyrites would appear to occur. 

The porphyrites never occupy connected fields of great 
extent, and in general they are far less widely spread than 
the quartz-porphyries. 

(A) POBPHTRITE (FeLSPAR-PoEPHTBY). 

PoRPHTRiT. {Germ.) 
Porphyrite. (i^.) 

AfeUitic principal mass, ustiaUy dark-brmvny containing crystals 
offeUpar, oligoclasef or sometimes orthoclase, and occasional^ 
other minerals. 

Spec, grav 2-6— 2-7 

Content of silica at Ilfeld on the average 1 61*3 D c 

(therefore very high). • • .J ^* ' 
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The colour of the matrix varies sometiines into grey, red, 
violet, or blue, and besides the crystals of felspar, it contains as 
accessory ingredients an admixture of garnet, titanite, mag- 
netic iron-ore, specular iron, and pyrites, &c. This porphyrite 
is extensively developed in the South of Norway, where 
L. von Bucn has in part named it ' Khombenporphyr,' on 
account of the rhombic section of its felspar crystals. At 
Elfdalen, in Sweden, it is manufactured into small ornaments. 
It is also very prevalent in the Lenne-Gebiet in Westphalia, 
and on the southern border of the Hartz Mountains. As the 
rock of the last-named locality has been recently very ac- 
curately described, we subjoin a short abstract of those de- 
scriptions. 

Porphyrite (Strong's melaphyre-porphyry, p. 166), found at 
nfeld, near the Hartz Mountains, contains in a dark-brown or 
grey felsitic matrix, crvstals of felspar, also a dark-green mineral, 
a light-green mineral, red garnet, and small scales of mica- 
ceous iron. The matrix, according to Streng, consists chiefly 
of orthoclase, which Kose, however, doubts. 

Rose made a microscopic analysis of this rock. The thin 
polished plates showed a transparent matrix marked with black 
spots ana streaks, and filled with black grains of irregular 
snape. According to Streng, the felspar crystals as well as the 
grams consist of labradorite. Baentsch and Girard hold the 
dark-green mineral for augite ; Rose, on the other hand, con- 
siders it to be a product of decomposition of hornblende. Ac- 
cording to Streng, black and shining grains of titaniferous iron- 
ore may be recognised in the weathered state of the rock. At 
Ilfeld no vesicular or amygdaloidal varieties of this rock appear 
to occur, unless we regard those amygdaloids as such which 
have been described as melaphyre — ^a view which Streng and 
Naumann disapprove. 

This rock is often of columnar jointed structure; it forms an 
extensive plateau in the region of the Rothliegende, where it 
also probably ramifies downwards in the form of veins. 

Many other porphyrites bear a close resemblance to the 
Ilfeld rock ; for instance : the porphyrite of Korgon in the 
Altai Mountains, which contains c;reyish-white laminae of 
oligoclase and specular-iron in a reddish-brown niatrix; the 
porphyry of Hainersreuth in the Fichtelgebirge, which has 
reddish-white crystals of oligoclase, and very little specular 
iron in a reddish-brown matrix ; the porphyrite of the Pentland 
Hills, near Edinburgh, with crystals of oligoclase, and specular- 
iron sparkling in a brownish-red matrix; the porphyrite of 
Ziegenriicken, near Hohenelbe, with crystals of oligoclase, is 
a dark-coloured matrix, and the porphyrite of Rovigo, near 
Lugano, also with oligoclase crystals in a dark matrix. The 
amygdaloids of Oberstein, which we have previously described 
on Delesse's authority, probably also may belong to this class. 
Von Richthofen describes certain porphyritic rocks of Mu- 
latto and Cavalessi, in Southern Tyrol, which contain tabular 
crystals of felspar in a compact, and for the most part reddish 
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matrix, or which sometimes consist of a fine-grained mass 
without crystals; others contain liebenerite in the forms of 
nepheline or orthoclase (pseudomorphons) } these last-named 
rocks form narrow veins, penetrating all the other rocks of that 
district. 

Varieties in Texture, 

(a) POEPHTRITIC. 

(h) Compact. 

(c) Amygdaloidal Porphteitb or Amtgdaloid. 

(d) Poephyrite-Wack6. I Somewhat decomposed. At Ma- 

Abgilophybe, Brongniaru {Fr.) ^ rienberg in Saxony, these yeins 
of wack^ in the gneiss rock are called ' Kalchgange.' 

Meferencea, 

Streng, Zeitschr. d. d. geol. Ges. 1868, p. 106; 1861, p. 87. 

G. Rose, ibid. 1869, p. 296. 

Naumcmn in v. L. u. Br. Jahrb. 1860, p. 24. 

Girard, ibid. 1868, p. 146. 

Baentschy Die Melaphyre des Harzes, 1868. 

Vm lUchthofm^ Geogn. Beschr. t. Sud-Tyrol, 1860, p. 149. 

Kjertdf, Christiania Silurbecken. 1866, p. 29. The rhomben- 
porphyr of the Vetta Collen (Kjerulrs melaphyr) contains 
large crystals of labradorite in a felsitic matrix, which ac- 
coi3ing to him also contains augite. 

(B) HOBITBLENDB-POEPHTKITB. 

HORNBLENDEPORPHTRIT. {Germ.) 
POEPHYEE St^NITIQTJE. {Ft.) 

In a compact felsitic matrix^ usually of dark colour, are con- 
tained crystals or crystalline particles of hornblende and felspar 
(oHgoclase), 

Spec. grav. 2-6— 2-7 

Contains silica (at Potschappel, near Dresden) 69 p. c. 

The matrix of this rock usually much preponderates over 
the porphyritic crystalline parts, and is in its fresh state usually 
brown, violet-brown, or grey ; becomes lighter in weathering. 

The hornblende forms small columnar or acicular crystiQs, 
which become very distinct when the matrix is somewhat 
weathered or discoloured. The crystals or grains of felspar 
(oligoclase ?) are often very intimately blended with the matrix, 
and their species is therefore difficult to determine. At Wils- 
drufi", in Saxony, and in some other localities, some dark- 
coloured mica occurs, together with the hornblende, forming 
transitions into mica-jjorphyrite. The rock contains no q^uartz. 
The matrix is sometimes vesicular or amygdaloidal. Didey 
describes a blue poi-phyry (probably belonging to this class), 
and occurring at Cnaux, near Trejus, where it passes through 
the Variegated Sandstone. He states that it contains crystals 
of hornblende and albite. 
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This rock is not known to be very extenavely developed 
anywhere. In the Plauenschen-Grund, near Dresden, it occurs 
in the neighbourhood of syenite ; it may possibly represent a 
more compact state of that rock. It is older in that place than 
the coal formation, and even the lower strata of that formation 
contain fragments of it; its jointings show smooth surfaces. 
The masses are irregular, approaching somewhat to the colum- 
nar form. 

To this rock belong many antique porphyries, particularly 
the porfido-rosso-antico, which contains white felspar and black 
acicular crystals of hornblende^ and usually some micaceous 
iron in a red matrix. 

A rock occurring at the Hutberg, near Weisig, to the east 
of Dresden (called by Jenzsch ^ amygdalophyre '), seems to 
belong here, as it contains some hornblende ; in any case it 
belongs to the porphyrite grouj. It is often amygdaloidal, 
and contains in its vesicular cavities homstone, chloraphaeite, 
chalcedony, quartz, pyrites, and sometimes felspar, resembling 
petalite, which Jenzsch has called weissigite. 

Varieties of Texture. 

(a) PORPHTRITIC. 

(h\ Compact. 

(c) Amygdaloidal. 

(d) Wackenitic. 

Meferences. 

Delesse on the antique red porphyries, Bullet, g^l. 1850, 
p. 632; also, in v. L. u. Br. Jahrbuch, 1851, p. 422. 

Jenzsch in v. L. u. Br, Jahrb. 1853, p. 386, and in 1854, p. 406. 

Naumann, Erlauter. zur geogn. Karte v. Sachsen, 1845, rfo. 5, 
p. 202. 

Dtdayy Ann. des Mines, 6d. 2, p. 193, von L. u. Br. Jahrb. 1855, 
p. 784. 

(C.) MiCA-PORPHYRITE Or MiCACEOUS PoRPHTRT. 

Glimmerpoiiphybit. {Germ.) 

PORPHTRE MlCAC:6. (i^.) 

A compact felsitic matrix j usually of dark colour, cwUaming 
crystals or crystalline particles of mica and felspar, 

Specgrav 2-6— 2*8 

Contains silica at Meissen . . . 59 p. c 

The felsitic matrix when fresh is of a brown or violet-brown 
colour, but is lighter when weathered. It incloses distinct 
laminsB of mica of dark colour, and often of hexagonal form ; 
also grains or crystals of felspar, sometimes frequently, some- 
times sparingly disseminated. 

The felspar appears to be partly oligoclase, partly orthoclase; 
it is white, greenish, or reddish; sometimes only in thin 
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laminae. Occasionally hornblende or quartz occurs, developed 
in distinct crystals; and thus a transition arises into horn- 
hlende-porphyrite, or granite-porphyry. 

Vesicular and amygdaloidal textures sometimes occur, in 
which case there are usually fewer crystals porphyritically 
imbedded. The amygdaloidal cavities contain green-earth, 
calcspar, and siliceous minerals. 

Mica-porphyrite abounds in the Thuringian Forest, where it 
is usually of irregular massive structure, with perhaps a ten- 
dency to columnar jointing. When it occurs with quartz-por- 
phyry in that locafity, it is older than it, and older too man 
the Rothliegende,the conglomerates of which formation contain 
many fragments of mica-porphyrite. Near Meissen a very cha- 
racteristic mica-porphyrite is found penetrating the syenite- 
graoite, as well as the granite dykes contained in that rock. 
The veins of the porphyrite are usually compact without 
ciystals towards their outward edges, or throughout the vein, 
where the ramifications are nacrow. At Zwickau, in Saxony, 
amygdaloidal varieties occur in conjunction with the compact. 

Varieties in Texture. 

(a) PoBPHTBinC. 

(6) Compact. 

(c) Amygdaloid. 

(d) WACKi:. 

Vide Cotta in v. L. u. Br. Jahrbuch, 1846, p. 76. 
MICA-TRAP ROCKS. 

The name mica-trap originated with Naumann, who 
first proposed it for certain rocks of the Erzgebirge, being 
compounds of mica and felspar, but himself afterwards 
(in his * Geognosie ') preferred the French name of mi- 
nette for the same rocks, which no doubt is their older 
designation. Under these circumstances, it may be ad- 
missible to transfer the name of mica-trap to an entire 
group of similar rocks, whose common attributes are : 
that they consist principally of compounds of mica and 
felspar y without marked porphyritic texture ; and that they 
contain no quartz^ unless quite exceptionally. 

We count in this group the following rocks (although 
it IS uncertain if they are all of igneous origin), viz, 
Minette, Faidronite, Kersanton, and Kersantite. Until 
that question is determined in the negative, they may be 
^1 80 classed on account of their petrographic affinity; and 
for the same reason they will be most conveniently treated 
as varieties of the same rock. 
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10. MICA-TEAP, 

Glucmertrapp. (Germ.) 
Tkapp MiCAcfi. (Fr.) 

A compound of felspar and mica. 

Spec. grav. 2-6— 2-9 

Contains silica .... 60 — 66 p. c. 

Varieties. 

(A) MINETTE. 

MiNETTK. (Germ,) 
MCTBTTK. (Fr,) 

Afelsitic matrix containing much mica and sometimes dm 
crystals of orthoclase or hornblende ; grey colour predomim 

Spec, grav 2-5— 2-9 

Contains silica • . , • 60 — 66 p. c. 

Tlie blackish-brown magnesian mica sometimes predomiii 
80 completely as to be alone distinctly visible. Aa accesso 
there occur hornblende, and sometimes chlorite and magi 
iron-ore. Calcspar and sparry iron are probably onlj 
secondary origin, and quartz is probably never present. J 
sometimes dimcult to oistinguish minette from mica-porpl 
or from kersantite. 

It is found in considerable extent near Framont, in the Vo 
Mountains, where it first received its name from the mine 
name which Voltz first introduced into science. Near Cede 
in Saxony, it forms subordinate masses in the Red Gneiss, 
not far from Dippoldiswalde, in Saxony, it penetrates the | 
gneiss of the Weissritzthal in distinct veins. 

Heferences, 
VoltZy G^OOTOsie de I'Alsace, p. 66. 
Naumann, Erlauter. zur geogn. Karte v. Sachsen, 1838, N 

p. 96. 
Cottamy, L. u. Br. Jahrb. 1853, p. 661. 
Delesse in the Ann. des Mines, [5] vol. x. p. 317, and Coi 

rend. 1857, vol. xliv. p. 766. Ausz. in v. L. u. Br. Jahrb. 1 

p. 848, and 1860, p. 724. 
G, Zeonhardf on Mmette in the Odenwald Verhandl. d. 

med. Vereins zu Heidelberg, vol. ii. p. 7, and v. L. u. 

Jahrb. 1861, p. 496. 
JJ. MiUler Neues Jahrb. f. Min. 1866, p. 1. 
jET. Pauly, Neues Jahrb. f. Min. 1863, pp. 257, 418. 
Th. Ebray, Minette im Morran. Neues Jahrb. f. Min. 1 

p. 478, 1866, p. 746. 

(B) FRAIDRONITE. 

Fraidrostit. (Germ,) 
FraidronitE; E, Biirnas. (Fr,) 
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A greenish felmtic principal mass combined with a greater or less 
quantity of mica. Iron pyrites and quartz occur as accessories. 

This composition so evidently resembles that of minette that 
it might well be considered as only a variety of that rock. 
Lan, however, adheres to the name of fraidronite, which had 
been already given by Duma8, and from the analyses which he 
made, pronounces it to contain a considerable admixture of 
chlorite, which he considered as the cause of its greenish colour. 
He also found carbonate of iron and lime, which he considered 
as accessory. Delicate veins of calcspar often pervade the 
whole mass of the rock. On weathering it crumbles into balls 
or a kind of grit. In the department of Lozere and in the 
Cevennes it forms dykes and veins in talc-schist, mica-schist, 
gneiss, and granite. Lan in the Ann. des Mines, [6j voL vi. 
p. 412 ; V. L. u. Br. Jahrb. 1868, p. 609. 

KERSANTON. 

Keesanton. (Germ.) 
Kersanton. (Fr,) 

In a greenish-grey fels^athic matrix are contained hexagonal 
tabular crystals of mtca^ brown to black. Less frequently tlie 
matrix is granular j and contains crystals of felspar. 
Contains silica about 53 p. c. 

In the matrix, felspar usually predominates, which is not 
orthoclase, but most likely oligoclase. The distinct crystals 
of felspar are generally oligoclase. The mica is magnesian 
mica, which is not only an ingredient in the matrix, but some- 
times forms a coating round small globular grains (amygda- 
loids) of calcspar or quartz. Marcasite and magnetic iron-ore 
occur as accessories. Delicate veins of calcspar often run 
through the whole rock. 

The name of kersanton was first given by Riviere. The 
rock is evidently closely allied to the mica-porphyrite, minette, 
and kersantite. 

It abounds in the district of Brest, and Quimper in Brittany, 
where it is applied to building piirposes. 

References, 

Bivih-e, intheBullet.de laSoc. g^ol. deFr.,1844, [2] vol. i. p. 628. 
Bufrenoiy Expl. de la Carte g^ol. de la France, 1844, voL i. p. 198. 
BetessCj Ann. des Mines^ 1851, vol. xix. p. 176, 

KERSANTITE. 
Kersantit. (Germ.) 
Kersantite (Oligoclasite). (Fr.) 

A fibrous or porphyjitic compound of oligoclase and mica, fre^ 
qtiently containing some hornblende and qua/rtz. 

Contains silica, about 64 p. c. 

Oligoclase generally predominates in the compact or fine- 
grained matrix of the rock, which sometimes is entirely coni-> 
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r3d of that species of felspar, sometiines of oligoclase and mica, 
this mass are enclosed crystals of oligoclase with brown 
stripings, and of white or greenish colour, or tinged with red 
by decomposition ; dark laminsB of magnesia-mica, some small 
grains of quartz, and frec^uently some fibrous hornblende, espe- 
cially in the narrower veins formed by this rock, and, dispersed 
through the whole rock, very minute paiiicles of magnetic 
iron-ore. 

Carri^re also found some red garnet combined with bom- 
blende in places where the latter was more prevalent and the 
rock somewhat fissile. At Viesembach, in the Vosges Moim- 
tains, where the rock is broken through by metalliferous veins, 
it contains magnetic iron pyrites and common pyrites. It is 
amygdaloidal. In some places the amygdaloidal cavities are 
filled with quartz, chlorite, epidote, and calcspar. 

The porphyritic varieties of this rock (whicn owes its name 
to Delesse) are evidently closely allied to the porphyrites, or 
perhaps also to granite-porphyry ; in other respects it very 
nearly corresponds with kersanton, from which it is, perhaps, 
only to be distinguished by its containing hornblende, and also 
more quartz than that rocK, and by its texture being sometimes 
fissile. 

Near Viesembach and Sainte Marie, in the Vosges, this rock 
forms subordinate masses and veins in gneiss. The veins are 
often quite compact at their borders. Foumet observed a 
similar rock in the granite near Francheville in Brittany. 

Beference, 
Delesse, in the Ann. des Mines, 1851, vol. xix. p. 165. 

SYENITE GROUP. 

It has been a frequent practice to Include under the 
name of syenite all granites containing hornblende. But 
as the genuine syenites contain little or no quartz, we 
consider it more accurate to exclude the first-named rocks 
from the syenite group, and range them under the head 
of granites (syenite-granites), confining the term syenite 
to those rocks which consist essentially of orthoclase or 
microcKne and hornblende, such as the rock of the 
Plauenschen-Grund, near Dresden. Nevertheless there 
is no precise boundary to be drawn between these and 
the syenite-granites. As accessories, some mica and even 
quartz may occur in syenite, but they are not essential 
ingredients. This narrowing of the meaning of the 
term syenite appears to us the more justifiable, as these 
genuine quartzless rocks only contain 50-60 per cent, of 
silica^ and therefore can be included in the basic group ; 
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whereas those containing quartz have 60 — 70 per cent, of 
silica, and so belong to the acidic group. It so happens 
that the derivation of the name presents no obstacle to 
our definition, since it is well known to have originated 
in the erroneous belief that the antique stones which first 
received the name of syenite came from Syene in Egypt, 
which was not the\ case. Rozidre therefore proposed to 
alter the name to Sinaite, from Mount Sinai, where 
genuine syenite is found, whereas at Syene only granite 
occurs. Werner, who first introduced the name into 
scientific petrography, applied it to the quartzless rocks 
of the Plauenschen-Grund ; although afterwards, in his 
' Klassification der Gebirgsarten ' (1787), he called the 
same rock a greenstone. 

In the syenite group we also include miascite, zircon- 
syenite, and foyaite, as being closely allied to the genuine 
syenite. 

11. SYENITE. 

Syenit, Werner, (Germ,) 
SYi:NiTE. (Fr.) 

A crystalline granular compound of orthoclase or micro^ 
dine and hornblende^ and usually some titanite. 

Spec, grav 2-7— 2-9. 

Content of silica in the rock of the Plauenschen-Grund, 
near Dresden, 55 — 60. 

The orthoclase or microcline is usually the principal 
ingredient, and being in general red, it gives that colour 
to the whole rock, deepened into a brownish-red by the 
hornblende. There are, however, syenites whose orthoclase 
is nearly white, and others containing an admixture of 
oligoclase. The andesine, which Delesse considered he 
had found in some syenites of the Vosges, is held by 
Kose to be a decomposed oligoclase. An indistinct fissile 
texture is sometimes occasioned by the parallel disposition 
of the felspar crystals (sometimes twins), and a porphyritic 
texture by the prominence of separate and larger twin 
crystals. The hornblende is occasionally developed in 
separate columnar crystals, but it usually only forms part 
of the general crystalline granular mass of the rock. Be- 
sides these, its two principal ingredients, syenite usually 
contains some titanite (or wohlerite), forming minute 

N 
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brown crystals of adamantine lustre, dispersed through 
the general mass, often only to be recognised with me 
lens. Some mica, quartz, ela3olite (nepheline), zircon, 
magnetic iron-ore, and pyrites, are also to be found in 
the general mass, but only as accessories and in smaD 
quantity. Epidote, which also occurs partly in the ge- 
neral mass, and partly in the crevices of the rock, is 
probably the product of a decomposition of hornblende; 
and an invisibly small proportion of carbonate of lime, 
causing a slight effervescence with acids, is traced by 
Bischoff to the same origin. 

A larger proportion of mica and quartz occasions transi- 
tions into syenite-granite or syenite-gneiss ; an increase of 
elaeolite and zircon, transitions into miascite and zircon- 
syenite. Again, many syenites contain oligoclase as well 
as orthoclase or microcline, opening up a transition into 
diorite, which latter is essentially nothing but a syenite 
containing oligoclase instead of orthoclase. This trifling 
difference, which is usually connected with a coarser tex- 
ture of the rock, may possibly only be a consequence of 
the different level at which it attained the solid state. We 
find, indeed, syenite in its bedding to be more decidedly 
plutonic than diorite. 

Varieties in Texture. 

(a) Common Syenite. ^ Uniformly granular, as in the Plau- 

s^^V^^, T^-^l en8chen-drSnd, nea^ Dresden. 

(b) PoRPHYRiTic Syenite. ) with separate and larsrer crys- 

PORPHYRARTIGER Syentt. (Oerm.) \ XI P nrflinplflAA 

SYfooTB poRPHYRoiDE. (Fr.) ) ^"^ ^^ ortnociase. 
Frh. von Richthofen has given the name of syenite-porphyry 
to a rock of this class found in the Visena Valley, near Fredazzo, 
in Tyrol. He describes it as consisting of a granular matrix of 
orthoclase, vrith little hornblende, and sometimes oligoclase in 
small quantity. The matrix enclosing twin crystals (three 
inches long) of orthoclase. 

It would be too much to say that there are no compact, 
vesicular, or amygdaloidal varieties of syenite; we are 
only unable directly to trace any rocks of such textures 
through transition states from genuine syenite so as to 
show a direct connection with it ; and therefore we con- 
fine the name to the distinctly granular compound of 
felspar and hornblende, as above described. But amongst 
the aphanites there are certainly compact and vesicular 
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ocks, whose chemical composition, at least, is so exactly 
hat of syenite, that under a slower and more plutonic 
;)rocess of cooling, they might well have become syenite. 
They bear the same relation to it as petrosilex to granite. 
That these compact rocks do not occur in geological con- 
nection with syenite may be owing to the thoroughly 
plutonic origin of the latter, causing it always and every- 
where to have cooled uniformly and very slowly. The 
same observation applies to granite. 

Properly speaking, there are no varieties of composition 
to adduce, unless we consider as such those transitions 
into granite and diorite which are occasioned by the 
occurrence of mica, quartz, and oligoclase. The zircon- 
syenite is rather a variety of miascite than of syenite 
proper. But this seems a fitting place in which to in- 
troduce the rock which Delesse has termed 



MiCA-DlORITE. 

Glimmerdiobtt. (Germ.) 
Piorite: Micac^, Delesse. 



It consists of a crystalline granular 
compound of hornblende, orthoclase, 
oligoclase, mica, and very little quartz, 
generally of a dark colour, almost 
black. Content of silica only 48. From this composition we 
may regard this rock as something between diorite, syenite, 
and granite. In the Vosges it occurs in dykes in granite. 

Syenite is usually jointed into large irregular or thick 
tabular masses ; it forms entire mountains and occupies 
extensive regions; only seldom forms distinct veins or 
dykes in other rocks, but is not unfrequently traversed 
by granitic veins, or it often contains granitic concre- 
tions. It is often associated with great tracts of granite, 
and then passes over into syenite-granite, and finally into 
^anite. The syenite of the Plauenschen-Grund, near 
Dresden, is eminently characteristic. Near Ditro, in Tran- 
sylvania, instead of titanite it contains much wohlerite. 

Beferences, 

Naumann on the Saxon Syenite, Erlauterung zur geog. Karte 

von Sachsen, 1845, No. 6, p. 116. 
L. von Buck on the Monzon-syenite in v. Leonhard's Taschen- 

buch, 1824, p. 346. 
von RicMhofm on Monzon-svenite, in Geogn. Beschr. v. Siid- 

Tyrol, 1860, p. 144, whicn contains, besides orthoclase and 

hornblende, some oligoclase, mica, and pyrites ; ibid. p. 150. 
Zirkelj Syenit des Plauenschen-Grundes. Poggendorf s Ann. 

vol. cxxii. p. 621. 

N 2 
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Delesse on Mica-diorite^ in which he also includes rocks firom 
the Kuhlenberg, near Harzburg, (gabhro?) and from the 
Felsberg, near Darmstadt, in the Aim. des Mines, 1851, [4] 
vol. xix. p. 160. Karsten's Archiv. 1861, vol. xxiv. p. 280. 
Bullet de la Soc. g^ol. de Fr. 1850, yoL vii. p. 624. The 
syenite rose cPEgypte here described is granite, Ann. dea 
Mines, 1847, [4] voL xii. p. 268 ; 1848, [4] vol. xiii. p. 685 : 
1862, [6] vol. ui. p. 884 ; 1868, [61 vol. xiii. p. 389. Oi: 
Vogesensjenit in v. L. u. Br. Jahrb. 1848, p. 769. 

The lollowing works on Syenite relate partly to rocks rich ir 
quartz, which we class under the head of 8yenite-graiiit& 
viz. : — 

V, Uechen in v. L. u. Br. Jahrbuch, 1868, p. 339. 

V. Bath in v. L. u. Br. Jahrbuch, 1868, p. 339. 

Streng in Poggend. Ann. 1863, vol. xc. p. 132. 

Kjerulfj Chnstiania Silurbecken, 1866, pp. 8, 12, and 16. 

12. MIASCITE. 

MiASCiT. (Germ,) 
MiAsaiB. (Fr.) 

A crystalline compound of orthoclase, nephelinCy sodalite 
and black mica; coarse-grained to fine-grained (t'* 
the different varieties other minerals also occwf). 

This rock was first discovered by G. Rose in the Ura 
Mountains. Its orthoclase is Breithaupt's Mikrokline 
and is white or grey ; the nepheline is yellowish-whit 
(elaeolite) ; lustre only slightly resinous ; the sodalite i 
grey or a fine blue ; the black mica is nearly unaxial 
Besides these principal ingredients, the following occur 
but frequently only as accessories; davyne, wohlerite 
zircon, magnetic iron-ore, pyrites, pyrochlore, cancrinite 
apatite, monazite, even quartz, hornblende, &c. By mean 
of these minerals, transitions take place into granite 
syenite, and especially zircon-syenite. At Miask th 
texture of this rock is sometimes fissile ; at Ditro, i: 
Transylvania, where miascite occurs at the margin be 
tween syenite and mica-schist, and intimately blende 
with the former, the blue sodalite is frequently arrange 
in layers, and the texture is generally very unequa 
sometimes quite coarse, sometimes fine-grainei 

Referencet, 

G. RoBe, Reise nach dem Ural, vol. ii. pp. 47, 93, and 53' 
and Poggend. Ann. vol. xlvii. p. 376. 
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Breithaupty Berg- u. Huttenm. Zeit. 1861^ p. 493. 
Cotta, ibid. 1862, p. 73. 

Varieties in Composition. 

A. ZmCON-SYENITE. 

ZiRKONSYENiT, Vou Buch, {Germ,) 
Sy^ite zieconienne. (Ft.) 

A erystaUine-grantdar compound of ortlioclase, nepheline (eksolite)^ 
zircon, and umaUy only little hornblende. 

This rock is closely allied to miascite, both in respect of its 
essential and accessory ingredients. However, its composition 
varies so much in different places, that it is frequently difficult 
to decide what are essential and what accessory iQffredients. 
The principal place where it occurs is the district of Laurvig 
and Brevig, in Norway; here there also occur eukolite ana 
eudialite as accessory ingredients. 

References, 
L. V. Buch, Reise nach Norwegen, vol. i. p. 133. 
Haussmanny Heise nach Skandinavien, vol. ii. p. 103, and 
vol. X. p. 236. 

B. FOYAITE. 

FoYAiT. {Germ,) 

A crystalline granular compound of orthoclase-nepheline (ekeolite), 
and hornblende. 

Spec, grav , , 2'6. 

The orthoclase is white or greyish-white, forms long tabular 
crystals with twin growth (but not very perfectly developed), 
and is decidedly predominant. The reddish elseolite of greasy 
lustre occurs in smgle hexagonal crystals. 

The greenish-black homolende forms columnar crystals or 
small grains and parts of grains. The varieties of texture are 
the coarse-grained, fine-grained, compact, and porphyritic ; the 
latter contain crystals of orthoclase and elseolite in a fine- 
grained matrix. The orthoclase crystals themselves some- 
times contain elaeolite and hornblende. The texture often 
changes very rapidly, as in gabbro. As accessories there 
occur titanite and magnetic iron-ore (very frequent), hexagonal 
brown laminae of mica, and iron-pjrrites. 

This rock forms the mountains Foya and Picota in the pro- 
vince of Algarve in Portugal, where it is jointed in irregular 
masses. Blum has named it after the first mountain. 

Blum in von Leonhard's Jahrbuch, 1861, p. 426. 
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ACIDIC IGNEOUS KOCKS. 

These rocks are compounds of orthoclase, sanidine, or 
oligoclascy with quartz^ micay or hornblende. 

They also contain many other minerals as accessories. 

Their proportion of silica is almost always above 60 
per cent., and extends in some cases to upwards of 80 
per cent. 

Their texture is generally granular or porphyritic, but 
sometimes compact or vitreous, seldom vesicular, and never 
amygdaloidal. Frequently they have a somewhat fissile 
or foliated structure, and so they even form transitions 
into certain of the crystalline schists. 

Like the basic rocks, they are divisible into the volcanic 
and the plutonic. 

1. Volcanic. 

In the rocks of this division the prevailing species of 
felspar is sanidine or oligoclase ; the labradorite (rich in 
lime), so often found with pyroxene in the basic rocks, 
is very rare in the acidic* The felspar is combined with 
some hornblende, and more rarely also with quartz, yet 
the rock always contains a large proportion of silica ; 
augite is only an accessory ingredient. 

The volcanic acidic rocks fall into two principal groups ; 
the trachytes and phonolites. The trachy tic group, how- 
ever, contains many varieties both of composition and 
texture, and hence a great number of separate names, 
such as pearlstone, obsidian, &c. The trachytes occur 
as lava at active volcanoes of the present day, which is 
rarely, if ever, the case with the phonolites. Perhaps 
the latter are, to a certain extent, products of transmu- 
tation from compact or porphyritic trachytes. 

Although the trachytes, when characteristically deve- 
loped, differ very widely from the basalt, so that these 
two may be called the extreme products of volcanic 
agency, yet there are many volcanic rocks of intermediate 
character, which, to a certain extent, form transitions 
between the two groups, and prevent any very definite 
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line of distinction between them. In many individual 
cases it is, in fact, difficult to distinguish trachytic from 
basaltic rocks. 

THE TRACHYTE GROUP. 

The term trachyte, signifying rough stone, was first 
introduced by Haiiy, to denote a crystalline granular com- 
pound, in winch sanidine, as the predominant ingredient, 
is combined with some other felspar, with hornblende (or 
augite), mica, or even quartz, in subordinate quantities. 
The principal mass is sometimes fine-grained, or even 
compact, with distinct minerals porphyritically prominent. 

Soon after Haiiy had first called attention to this rock, 
many other rocks came to be observed, having the same 
mineral composition, differing somewhat from it in tex- 
ture, but connected with the normal trachyte by inter- 
mediate transition states. These were called trachytic 
rocks, without being reckoned as actual trachytes ; thus, 
for instance, trachyte-porphyry, pearlstone, obsidian, 
2)umice-stone, and many compact as well as porous tra- 
chyte-lavas. 

Then it was discovered that many of the rocks which, 
without accurate mineralogical investigation, had been 
taken for trachyte of the prescribed composition, con- 
tained an oligoclase-felspar instead of the sanidine for- 
merly considered so essential an ingredient ; but in other 
respects their trachytic character was preserved. Ac- 
cordingly, the trachytes came to be divided into sanidine- 
trachyte and oligoclase-trachyte ; these two varieties are, 
however, connected with each other by many transition 
states, and their geological position and character are 
identical. In compact or fine-grained states the difference 
between them is scarcely to be recognised ; the varieties 
of texture appear likewise to be essentially the same in 
both. 

It may be useful, before going on to the description of 
the individual trachytic rocks, to take a general survey of 
what have been described under that name, and the mode 
in which different writers have dealt with the different 
varieties. 

Before the difference as to the species of felspar was re- 
cognised or known, the following varieties of the rock were 
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distinguished by Beudant (in his Voyage en Hongrie), 
and by Bur at (in his Description des Terrains vole, de la 
France centr. 1833), and also by Naumann. 

(a) Trachytes. 

Trachyte granitoUde (granitic trachyte), e. g. at Handerlo, near 
Schemnitz. 

Fibrotis or gneiss-like Trachyte^ e. g. on the Pontellaria. 

Trachyte schistMe (schistous trachyte), e. g. at the Pas de 
Compain, department of Cantal in France. 

Trachyte h gros crystauXy a trachyte rich in felspar, at Dra- 
chenfels, near Bonn. 

Trachyte amphibolique, a trachyte rich in hornblende, e. g. 
near Schemnitz (perhaps the same as Breithaiipt's timazite). 

Trachyte fnicacS (micaceous trachyte), Monte Catini, in 
Tuscany. 

DomitCy or Trachyte terreux (domite or claystone-like tra- 
chyte), e. g. at the Puy de Dome. 

Trachyte porphyroide (porphyritic trachyte), Schemnitz and 
Kremnitz in Himgary. 

Irachyte homogbne (simple trachyte), frequently resembling 
phonolite, Monts Dor^s in V^lay. 

Trachyte semi-vitreux (semi-vitreous trachyte), Tokay in 
Hungary; Iceland. 

Masenga, according to Naumann, the genuine trachyte of 
the Euganean Hills in Lombardy. 

Nenfro of Brocch% according to Naumann, genuine trachytes 
of the Cimini Mountains. 

Nekrolite of JBrocchi, according to Naumann, trachyte from 
Viterbo and Tolfa. 

(b) Trachyte-porphyries containing Quartz. 

Perlite-like Trachyte-porphyry. Hungary, 

Porotis Trachyte-porphyry, Himgary. 

Vesicular Trachyte-porphyry (with globular cavities). Hun- 
gary 

Millstone porphyry, or cavernous trachyte-porphyry. Miih- 
lensteinporphyr, or cavemoser Trachytporphyr. — Porphyre 
meulier. Hliniker valley, in Hungary. 

Claystone-like Trachyte-porphyry. Thonsteinahnlicher Tra- 
chytporphyr, Ponza Islands. 

(c) Qtjartzless trachyte-porphyries. 

Perlite-like Trachyte-porphyry y without quartz. Hungary. 

Claystone-like Trachyte-porphyry , without quartz. Himgary. 

Pumice-stone-like Trachyte-porphyry y without quartz. Hun- 
gary 

Slaty Trachyte-porphyry, without quartz. Ponza Islands. 
{d) Perlites and pearlstone-porphyries. 

Perlite testace (granular shelly perlite). Telkebanya in 
Himgary. 

Spherolitie perlite or spherolite rock. Schenmitz in Hungary. 

ArZe^e rc^tmWgt^e (pitchstone-like perlite) ; Ofen in Hungary- 
Lipari Islands. 
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Perlite porphyrique (perlite porphyry), Hungary. 
Perlite Uthoide compacte (claystone-lute perlite), Hungary. 
Perlite ponceatix (perlite pumice-stone), Hungary, 
(c) Pure Obsidian. 

PorphyrUic Obsidian^ or obsidian-porphyry, spherulitic obsi- 
dian. 

Cy) PUMICE-STOirB. 

Obsidian purmce-gtone, 
Perlite pumice-stone. 
Trachyte pumice-stone, 

Cff) AlSTDESITE. 

(A) Trachyte-dolerite. 

In the decomposed states of trachyte, and especially in the 
so-called alumstone, we can of course not recognise the fresh 
state of the rock. 

The first thing which strikes us with reference to the 

foregoing catalogue is the great number and variety of 

rocks which may be included under the head of trachyte 

in its more extended signification. All the distinctions 

which have been made are, however, not equally important. 

Some varieties occur only in one locality, and some 

scarcely belong to the trachytes at all. 

In investigating a particular district, we should, of 
course, notice the smallest modifications in the nature of 
the rocks which come under our observation ; but for the 
purposes of definition in a general treatise like the present 
it is impossible, and would be undesirable, to record every 
trifling variety of texture and composition. 

G. Rose, in the 4th vol. of the ^ Kosmos,' has proposed 
to subdivide all trachytic rocks into the six following 
groups : — 

1. A rock whose principal mass consists entirely of crystals of 

Titreous felspar, which are tabular and usually large. Little 
or no hornblende and mica are contained in its composition, 
and are quite non-essential as ingredients — Campi Phelegrai, 
Ischia, La Tolfa, &c. Augite shows itself in small crystals in 
the Mont Dor^, but very rarely. Li the Campi Phelegrai, 
where there is hornblende there is no augite, also no leucite, but 
of this last mineral HoflFman discovered some specimens at the 
Lake of Avemo, and G. Rose on the cliffs of the Monte Nuovo. 

2. A rock whose principal mass contains single vitreous felspar crys- 
tals and a great number of small snow-white oligoclase crystals. 
The latter are frequently regular, and grown into the vitreous 
felspar, and form a covering round it. Sometimes a small 
proportion of hornblende and mica, and in some varieties 
augite, are found in it. 

The trachytes of Drachenfels and the Perlenhardt in the 
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Siebengebirge, and many varieties in the Mont Dor^ and Cantal, 
belong to this subdivision. 
3. These are dioritic trachytes whose principal mass contains many 
small oligoclase crystals with black hornblende and brown 
magnesian mica. To this species belong the trachytes of 
-^gina, the Kozelniker valley near Schemnitz, Nagyag in 
Transylvania, and Montabaur in Nassau, Stenzelberg and 
Wolkenburg in the Siebengebirge, Puy de Chaumont, near 
Clermont, and Liorant in Cantal. The Kasbegk in the Cau- 
casus, the Mexican volcanoes of Toluca and Oiizaba, also the 
domites of L. v. Buch, belong to this subdivision. In the white 
fine-grained matrix of the trachytes of the Puy de Dome are 
enclosed vitreous crystals which have always been considered 
to be felspar, by which term Rose implies orthoclase, but the 
cleavage surfaces of which always show striae, and are, there- 
fore, in fact, oligoclase. (The above-named examples from 
Hungary and Transylvania belong to Breithaupt's timazite.) 

4. The principal mass contains augite and oligoclase. The peak of 
TeneriiFe, the Mexican volcanoes, Popocatapetl and Colima, the 
South American volcanoes, Tolima, Purace near Popayan, 
Pasto, and Cumbal Huca Pichincha, Antisana, Cotopaxi, Chim- 
borazo, Tunguragua. In Tunguragua, associated with the 
augite crystals, there occur small independent crystals of uralite 
of blackish-green colour (diabase or dolerite ?). 

6. A combination of labradorite and augite, a doleritic trachyte, 
-^tna, Stromboli, &c. (Why should not these rocks be genuine 
dolerites ?) 

6. A rock whose matrix is usually grey, in which crystals of leucite 
and augite are enclosed, witn some olivine (very little). Vesu- 
vius and Somma ; also the extinct volcanoes Vulture, Rocca 
Monfina; the Albanian Mountains and Borghetto. (This is 
the same as our leucite rock.) 

It will be seen that Rose's idea of trachyte is much 
more extended than is at all usual : it embraces almost all 
the volcanic rocks. 

More recently Freiherr v. Richthofen has divided the 
trachyte formations of Transylvania and Hungary into 
two classes — the rhyolitic and trachytic. The latter are 
almost exclusively rocks containing hornblende and oligo- 
clase as their essential constituents. Sanidine is not the 
predominant felspar except in certain rocks of the most 
recent and subordinate eruptions ; so that, speaking gene- 
rally, according to von Richthofen, by far the greater 
proportion of the whole group of trachytes (proper) 
consists of oligoclase, and not of sanidine rocks. The 
silica is never so abundant as to develope distinct crystals 
of quartz. 
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Von Richthofen subdivides the trachytes again into 
* greenstone trachytes ' and ^ grey trachytes.' The former 
(our timazite) often correspond exactly with the oldest 
diorites and dioritic porphyries. The latter, on the other 
hand, consist principally of oligoclase and hornblende, 
with the occasional addition of some augite. 

Under the term rhyoUtCy Richthofen embraces all the 
most acidic (richest in silica) amongst the recent igneous 
rocks. He especially instances in Hungary the trachyte- 
porphyries, perlites, &c. (Vide L. u. B. Jahrb. 1859, 
p. 304, and 1861, p. 98 ; Jahrbuch d. geol. Reichsanst. 
1860, Sitzungsber. p. 92.) 

These two groups of trachytes proper and rhyolites 
certainly appear of general geological importance; they 
bear the same relation to each other, within the acidic 
group, as the acidic rocks bear to the basic ; and although 
in Hungary they both belong to one and the same great 
tertiary eruptive period, the rhyolites always appear the 
more recent of the two. 

We find similar phenomena in the rocks of all eruptive 
periods, the plutonic as well as the volcanic. Where 
syenites and granites occur together, the granite (rich in 
silica) is usually the most recent ; in the same way we 
often find veins of granite intersecting the gabbro (poor 
in silica). In the Thuringian Forest the quartz-porphy- 
ries are in general of more recent origin than the mica- 
porphyrites (poor in silica), although they both belong 
to the same great period. In the Bohemian Mittelge- 
birge, whose conical mountains consist partly of basalt 
and partly of phonoKte, both of which appear to have 
been formed during the tertiary period, the phonolite 
(somewhat the richer of the two in silica) is found 
throughout as the most recent ; so that putting all these 
facts together, we are almost justified in holding it for a 
universal law, that wherever igneous rocks rich in silica 
occur together with basic igneous rocks of the same great 
period of eruption, the former are of somewhat later 
origin than the latter. Basalt, nevertheless, sometimes 
forms an exception to this rule, as in Hungary, where it 
penetrates the trachytes ; but it is questionable whether 
the basalt in these cases may not belong to a separate 
period more recent still than the trachytes. 
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If we find it impossible to define a precise boundary 
between the acidic and basic volcanic rocks, any more 
than between the volcanic and plutonic groups themselves, 
there can hardly be matter for surprise ; we should, on 
the contrary, be at a loss to explain any such sharp dis- 
tinction if it existed. We find rocks of character so 
undecided, that we may with almost equal justice group 
them with the greenstones as the trachytes. Such, for 
instance, is timazite. With others it may appear doubtful 
whether we should attach them to basalt or trachyte. Such 
are trachydolerite and andesite. The latter was in the first 
instance, without much inquiry, grouped with the trachytes 
because of its geological position and its rough texture. 
Subsequently tihe prevailing felspar species was taken for 
albite, and L. von Buch called the rock andesite from the 
Andes, where it occurs in great extent, to distinguish it 
from ordinary trachyte ; and although it has lately been 
discovered that the felspar is not albite but oligoclase, 
that does not seem to us to furnish a sufficient reason for 
changing the name of the rock (as proposed in ^ Kosmos'), 
if we wish to preserve any individuality for it at all. It 
may, however, remain questionable how the rock should 
be grouped. If we find with the oligoclase, pyroxene 
and hornblende occurring as essential and important in- 
gredients ; if the rock contains no quartz, but occasionally 
dark magnesia-mica, olivine, and titanite (and always 
magnetic iron-ore), then it may certainly be that andesite, 
if a volcanic product, should be assigned to the basalts ; 
or if plutonic, to the greenstones. Whilst, on the other 
hand, its somewhat high proportion of silica (59 — 67 per 
cent.), as well as its sometimes vitreous state, is opposed 
to this grouping, and gives the rock a more trachytic 
character. It is for these reasons a rock of middle cha- 
racter, of which there are many such. Roth even distin- 
guishes a pyroxene-andesite and an amphibole-andesite. 
With the first he classes many volcanic rocks of Iceland 
and Teneriffe ; with the latter, the so-called trachytes of 
Wolkenburg, and of Stenzelberg in the Siebengebirge, the 
domite of the Puy de Dome, and many lavas of -^tna. 

The trachytes often form an essential part of the pro- 
ducts of active volcanoes, and form actual lava streams. 

They are also frequently found at so-called extinct 



TRACHYTE GROUP. 189 

olcanoes ; and form single conical hills or connected 
roups of mountains in districts where, since the tertiary 
eriod, no eruptions have taken place. These last-men- 
Loned older trachytes approach in character the plutonic 
ocks. We are, however, unacquainted with any trachytes 
rhich are certainly older than the Tertiary period. 

We propose, with Von Richthofen, to divide all the 
rachytic rocks into two separate sub-groups (trachytes 
-nd rhyolites), the differences between which are more 
larked than those of the several varieties of mere texture 
,nd composition. These latter diflferences are, however, 
tnportant enough to deserve a more special notice than 
he corresponding varieties of many other rocks ; and 
ve shall, therefore, accord them a full description, merely 
)remi8ing in general that they are apt to run one into the 
►ther by gradual transitions occasioned by the prepon- 
lerance or the reverse of a principal ingredient 

L3. TRACHYTE. 

Tbachyt. (Germ,) 
Tbachyte, Haiii/, (Fr») 

A compound of sanidine^ oligoclase {or even albite and 
labradorite)^ with some hornblende or augite and dark-- 
coloured mica. A rough principal mass in which, as 
matrix y some of its mineral constituents are frequently 
distinctly and separately developed and imbedded. 

Spec. grav. 2-4— 2-8 

Contains silica .... 50 — 67 p. c. 

As a rule, in all trachytes the felspar is predominant. 
The detailed grouping of their different mineral ingre- 
dients will appear from the description which we give 
below of the several varieties in composition. 

Varieties in Texture. 
(o) Gkaj^xtlar Teachyte. 

KoRiTioEB Trachtt. {Germ.) 
Trachyte granitoXde. {Fr.) 

(6) PoRPHYBiTic Teachyte. ) 

PORPHTRAHTIGE9 trachtt. .(Gemi:) \ With laTgo felspax crystals. 
Trachyte poBPHTRolDE. (-fr.) ) 

(c) Compact Teachyte. ) (^^ «^ J^ ^^^^ ^^^ "^^^^T 

^ ZiemlichdichterTrachyt. (Germ.)\ approaching the compact.) 
Trachyte ltthoXde. (Fr.) ) Also somewhat porphyntic. 
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((?) Vesicular Trachyte. ) often, par excellence, called Tra- 

BLA8IOER Trachtt. ((7erm..) \ ^r,,/_ i^,- 
Trachyte vacuolairk. {Fr.) ) ^'•y^ Mva, 

(e) Decomposed Trachyte. \ '^^J decomposed varieties are 
ZERflBTiOTKR Trachyt. {Germ,) \ called Alumgtme, on account of 
Trachytb DicoMPoafe. (Fr.) ) their containing alum. 

Varieties in Composition. 

(A) Sanidine-Trachyte. 

Sanidin-Trachyt. (Germ.) 
An aggregate of sanidine crystals, icith some hornblende or mica (U 
subordinate ingredients. Texture coarse or fine- grained to compad^ 

Spec grav 2-4— 26 

Contains silica .... 69 — 60 p. c. 

In this compound, principally consisting of sanidine, horn- 
blende, and magnesia-mica, occur, as accessory ingredients, 
magnetic iron-ore, sodalite, olivine, titanite, and augite or 
quartz. It further appears probable, from the frequent pre- 
ponderance of the proportion of soda over the potash in the 
whole rock, that the compact matrix which permeates the \ 
whole mass, cementing the distinct and recognisable minerals* 
contains, in addition to those we have mentioned, some minerft^ 
rich in soda, such as oligoclase, sodalite, or nepheline. Th© 
sanidine often occurs in a porphyritic form. The colour of tli® 
rock fluctuates between greyish-white and dark-brown grey^* 
In most cases the texture is porphyritic, with granular o^ 
sometimes compact matrix ; some varieties are vesicular, an ^ 
at the surface even scoriaceous, but not amygdaloidal. B^ 
decomposition a state is produced, not wackenitic, but moir^^ 
resembling claystone. The mass then appears almost whit^^ 
whereas, in fresh condition, it is often very dark-colourec^- 
The rock is generally of irregularly jointed structure. 

To this species belong, according to Roth, the trachytes o^ 
Eabertshausen, in the Grand Duchy of Hessen j of Kappellen -^ 
berg (which contains some pyrope) ; of Mondhalde and Silber " 
brunnen, at the Kaiserstuhl ; of Gleichenberg, in Styria ; o 
Monte Olibano, near Pozzuoli. Likewise the lavas found a-^' 
Monte Nuovo, and those of the Azores, &c. 

The grey porous sanidine-trachyte, which occurs at th^ 
Laager lake, contains a good deal of haiiyne. 

(B) Sanidine-Oligoclase-Trachyte (Drachenfels Trachyte). 

S anidin-Oligoklastrach YT. ( Germ .) 
A crystalline compound of sanidine and oligoclase with mag^' 
nesia-7nica and hoimblende, also some augite, magnetic iron-ore^ 
and titanite. 

Spec, grav 2*6— 27 

Contains silica .... 60 — 67 p. c. 

This very characteristic rock of the Drachenfels, near Bon»y 
with its large sanidine crystals porphyrilically enclosed in- 
granular matrix, served a long time as the principal type of th^ 
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trachytes, and all the felspar in that rock was assumed to be 
sanidine. Now, however, it appears, from the very consider- 
able quantity of soda containea in the matrix (up to 5 per 
cent.), that the latter probably consists principally of oligoclase. 
It is especially worthy of remark tnat in this porphyritic 
trachyte the large sanidine crystals frequently assume a parallel 
position to each other; they are also sometimes broken in 
two, but both pieces still lie close together imbedded in the 
matrix. According to Roth, to this class belong the trachytes 
of Kiihlsbrunnen, in the Siebengebirge, and Freienhauschen, in 
the Eifel ; also, according to Kichthofen, many trachytes of 
Hungary and Transylvania. 

Oligoclase-Trachtte (Domite). 
Oltgoklas-Tbachyt. {Germ.) 
DoMiTE. (Fr.) 

In this rock oligoclaae is the only recognisable felspar, as it con^ 
tains no sanidine. The oligoclase is combined imth some horn- 
blende or augite and dark-coloured mica. 

These trachytes have been the least accurately analysed of 
any. They contain many other accessory minerals. If the 
quantity of hornblende be above the average, then they pa&s 
into greenstones, e.g. into the greenstone-trachyte of Kicht- 
hofen, or the timazite of Breithaupt. Whether andesite 
and trachydolerite should be included here may be doubtfuL 
We prefer to treat them separately. This variety occurs in a 
tolerably fresh state at Stenzelberg, and at Wolkenburg, in the 
Siebengebirge. At the Puy de Dome, on the other hand, it is 
much decomposed, rough, almost crumbly, and is there called 
domite. It would be hazardous to attempt to distinguish 
varieties of texture. 

At Stenzelberg this rock exhibits a singular cylindrical 
jointed structure, in so-called 'outliers,' which consist of round 
columns, composed of concentric layers. Usually its structure 
is massive. 

I AinOESITE. 

Andesit. {Germ.) 
Andesite. {Fr.) 
A fine-grained or compact, and sometimes vitreous matrix, tumaUy 
of dark-grey to black colour; contaitts crystals which, accord- 
ing to G. Hose, are oligoclase and augite. According to AUch, 
on the other hand, they are albite or oligoclase; and Abich 
adds, that some sanidifie and hornblende, and always magnetic 
iron- ore, are likewise found in the rock. Dark-coloured mica 
frequently also occurs. 

Spec, grav 2*6— 2*7 

Contains silica 50 — 67 p. c. 

Roth distinguishes an amphibole-andesite and a pyroxene- 
andesite, but as the latter likewise contains some hornblende, 
this distinction would be difficult to maintain. To the amphi- 
bole-andesites, according to him, the localities which we have 
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above given under the head of ' oligoclase-trachyte ' apply; 
to the pyroxene-andesite; many volcanic rocks of Iceland and 
Teneriffe. 

This rock was first named by L. v. Buch, and its felspar was 
taken to be entirely albite. G. Rose could onljr discover oli|?o- 
clase in it. Doubts have also arisen respecting the other in- 
gredients. The matrix is sometimes easily tol>e reduced to 
powder. Known localities of its occurrence are : Pinchincha, 
Chimborazo, Antisana^ and Cotopaxi ; according to Abich, also 
the Caucasus and Mount Ararat. 

(E) Trachtdoleritb. 

Trachtdolerit. (Germ.) 

TRACHY-DOLilRITE. (jFV.) 

A compound of oligoclase (or labradarite) with hornblende or 
augitCy sotne magnetic iron-ore^ and frequently also mica. These 
minerals lie imbedded in a grey or broion matrix. 

Spec, grav 2-7— 2-8 

Contains silica 64 — 61 p. c. 

We may here distinguish the varieties which contain horn- 
blende from those which contain augite ; the latter are very 
nearly related to dolerite. 

Vesicular varieties also occur. Abich, who first distinguished 
this rock and gave it its name^ designates the following places 
where it is found : — The Peak of TenerifFe, the Schivelutschin 
Kamtschatka, the island of Liscanera, near Stromboli, and the 
older lavas of ^tna, for the varieties which contain hornblende; 
and the top of the crater of StromboU, and the central cone of 
the Rocca Monfina, for those containing augite. 

Deiters recognised in the rock of the Lowenburg, in the 
Siebengebirge, a complete transition grade between trachyte 
and dolerite. Under the microscope its principal mass appears 
to consist of crystalline felspar (either oligoclase or labradorite), 
imbedded in which lie scattered crystals of striated felspar, 
of hornblende, au^te, magnetic iron-ore, and even some olivme. 
The content of silica here diminishes to 52 per cent 
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JRammditberg, in Zeitachr. d. d. ^eol. Ges. 1859, vol. xi. p. 434. 

Zirkdy Die trachytisclien Gesteine der Eifel, in Zeitschr. d. d. 
geoL Ges. 1869, voL xi. p. 607. 

L. V, Buck on Andesite, in Poggendorf *8 Ann. vol. xxxvii. p. 189. 

V, Dechen ffives eight divisions of trachyte in his Geogn. Beschr. 
des Siebengebirges (VerhandL d. nat. Ver. d. Rheinlande, 
1862). He appears, however, to have abandoned these in 
his more recent 'Geogn. Fiihrer durch d. Siebengebirge.' 

Zehler observed, in 1837, as many as forty different trachyte 
varieties in his ' Siebengebirge.' 

Torn Bath, in his treatise, ' Die Trachyte des Siebengebirges,' 
1860, makes the following divisions : — 

1. DrachenfeU trachyte^ whose white or grey matrix con- 
tains crystals of viti*eous felspar and oligoclase, and some 
ma^esia-mica and hornblende; accessonly, titanite, mag- 
netic iron-ore, augite, and apatite. Content of silica, 65—66. 

2. WoUcenhurg trachyte. The colour of the matrix from grey 
to black, or sometimes reddish. It contains crystals of obgo- 
clase, no vitreous felspar, but some hornblende and magnesia- 
mica. Accessorily, augite, olivine, magnetic iron-ore, pyrites, 
and perhaps some quartz. Content of silica, 69 — 62 per cent. 

3. Trachyte of Bosenau (not in connected rocks, omy found 
in blocks). The base contains crystals of vitreous felspar, 
no oligoclase, more rarely some magnesia-mica, hornblende, 
sphene, and magnetic iron-ore. Content of silica, 78*8. 

The matrix appears in all these three varieties to be prin- 
cipally felsitic. Acid produces a weak effervescence, which 
may well be owing to carbonates of later origin than the 
rock itself, and the small quantity of zeolite wMch occurs is 
in all probabilitv the result of decomposition. 

Vofn Bath, Ueber IVachyt d. Enganeen, Zeitschr. d. deutschen 
geol. Ges. 1864, pp. 264-498. 

Deiters, Die Trachytdolerite des Siebengebirges, in Zeitschr. 
d. d. geol. Ges. 1861, p. 99. 

V. Bichthofen, in the Jahrbuch d. geol. Reichsanst. 1860, Sitz- 
ungsber. p. 92; extract in von L. u. Br. Jahrbuch, 1860, 
p. 304, and 1861, p. 98 ; Jahrb. d. geol. Reichsanst. 1864, p. 7. 

Stache has ^ven the name of Dacit to a quartzose trachyte of 
Transylvania. Geogn. Beschr. von Siebenbiirgen. 

RHYOLITE. 

Rhtolith. {Germ,) 
4. compact y enamel-like, or vitreous matrix enclosing 
grains or crystals of sanidine, oligoclase, mica, or 
even quartz. 

Spec, grav 2-3— 2-6 

Contains silica 67—82 p. c. 

The matrix, which should, strictly speaking, always be 
' a prevailing felsitic character, varies however from the 
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simple compact to the vitreous state. It is distinguished 
from that of the trachyte proper by its larger proportion 
of silica; and the same difference in the proportion of 
silica is found to obtain between the trachytes and rhyo- 
lites in the collective analysis of each rock in its entirety. 
Hence in rhyolite free quartz appears much more fre- 
quently than in genuine trachyte ; on the other hand, the 
former contains no hornblende or augite, or, at least, 
those minerals are much more rarely found in it than in 
trachyte. 

Under the common name of rhyolite we comprehend 
the following principal varieties: — Trachyte-porphyry^ 
perlite, obsidian^ and pumice-stone ^ all of whidi possess 
sub-varieties. 

A. Trachyte-Porphyry. — Liparite. 
Trachytporphyr, Lithoidit in part. (Germ,) 

PORPHTRE TRACHTTIQUE. (Fr.) 

A compact felsitic matrix containing crystals offehfar^ 
and sometimes also mica or quartz. But as this 
general definition essentially agrees with that of 
many porphyrites and quartz-porphyries, it is per- 
haps better to say : Trachyte-porphyry is the name 
given to those rocks (prevalently felsitic and porphy- 
ritic with a compact matrix) which are geologically 
allied to the trachytes. 

Spec, gfrav. 2*4 — ^2*6 

Contains silica 67 — 81 p. c. 

The trachyte-porphyries are, as a rule, much richer in 
silica than the trachytes proper which we have described 
above. Their matrix is of prevalent felsitic composition 
and character, scarcely to be distinguished from that 
of the quartz-porphyries, and it only very rarely and 
exceptionally contains some traces of hornblende. 

Some trachyte-porphyries even contain grains or crys- 
tals of quartz or mica, or of both those minerals together, 
and thereby their resemblance to quartz-porphyry, gra- 
nite-porphyry, or mica-porphyrite, becomes still greater, 
and in fact so great, that occasionally, in the form of 
single specimens, it is impossible to tell the difference. 
In these cases, the only real difference consists in their 
geological connection with genuine trachytes or their 
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rographical transition into perlite or pumice-stone, 
e felspar of the distinctly developed crystals in 
chyte-porphyry is most usually oligoclase, but some- 
les also sanidine ; both of these also occur in quartz- 
rphyries. 

The most important varieties in texture, but which 
,y almost all be divided into those with, and those 
thout, quartz, are : — 

) Common Trachyte-porphtry. ) Its felsitic matrix is compact 
Gemeiner Trachttporphyr. iGerm.) ) in fresh fracture, and fre- 
quently somewhat shining ; usually light-coloured, containing 
(more or less plentifully dispersed) crystals of sanidine or 
oligoclase, mica, or sometimes quartz. At the Schlossberg of 
Neusohl the matrix is of greenish colour, compact, with crystals 
of felspar, mica, and quartz. In the Hliniker valley, near 
Schemnitz, the matrix is yellowish, and especially distinguished 
for its crystals of mica. 

) Perlite-like Trachyte-porphyry. \ The matrix is often 
Perlitahnucher Trachttporphyr. (Germ.) f somewhat enamel- 
like, and contains, besides those crystals which we have men- 
tioned, small compact balls of felspar (spherulites), frequently 
with radial fibrous texture, sometimes also grains of quartz 
and mica. These rocks pass over by transition into perlite. 

) Argilo-trachyte-porphyry. ) The matrix is dull 

Thonsteinahnijcher Trachttporphyr. (Oerm.) J or earthy, and usu- 
ally' penetrated with firm veins or nests of harder texture. 
Bereghasz in Hungary. 

5 Vesicular or Caveri^ous Trachyte- ^ The matrix contains 

PORPHYRY, Millstone Porphyry, [round vesicular cavi- 

Blasiger Oder cavbrnober Trachttpor- ( ties, or is entirelv pene- 
PHTR, Muhlsteinporphtr. (Oerm.) J ^^.^^^ ^.^j^ ^^^ ^_ 

regularly shaped cavities, whose sides are sometimes partly 
coated with chalcedony or quartz. 

These cavities, however, are never entirely filled, so as to 
form genuine amygdaloids. Hliniker valley near Schemnitz. 
) PuMiCEOUS Trachyte-porphyry. ) Forms a transition 

Bimstkinahnucher Trachytporphtr. (Genif.) ) from the vesicular 
variety into pumice-stone. 
f) Slaty Trachyte-porphyry. > The slaty texture is pro- 

Schibfeiger Trachttporphtr. (Germ.) j duced by the manifold 
alternation of their layers of somewhat differing composition. 

Forchhammer has designated certain varieties of trachyte-porphyry 
dch occur in Iceland by the special names of Krablite ana Bauhte. 
<;ording to Bunsen, these are compounds of orthoclase and quartz. 
AJl these varieties abound in certain trachyte regions, as, for in- 
nce, in the neighbourhood of Schemnitz in Hungary, in the 
Lganean Hills, on the Ponza Islands and the Lipari Islands. They 
) usually irregularly cleft into angular masses, with columnar or 
)ular jomted structure. 

o 2 
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B. Perlite. — Pearlstone, Pearlstone-porphyry. 
Perlit. (Germ.) 
Perlite. {Fr.) 

An enamel-like matrix containing round grains, several 
of which are constructed with concentric layers, 

Spec.grav 2-3— 2-4 

Contains silica 70 — 77 p. c. 

The whole mass of the rock perlite is of the same com- 
position as that of trachyte-porphyry, except that, on an 
average, it is somewhat more rich in silica. The state, 
however, of this compound, which is distinguished as 
perlite, often alternates with the simple compact obsidian 
state, or that other state which has become porphyritic 
by the occurrence of sanidine crystals. It also forms 
transition states into pumice-stone. Occasionally there 
occur, in addition to the sanidine crystals, some small 
mica flakes, red garnets, and even crystals of quartz. 
According to texture, Beudant distinguishes the follow- 
ing varieties : — 

(a) Granular Shelly Perlite. 

KoRNioscHAiJOER Pbrltt. {Germ.) 
Trachyte testacy. {Fr.) 

(b) Sph^rulitic Perlite. ^ with compact or radial striped 

SPHAROLmSCHER PERUT. (Germ.) [ f^l'i.^ \^a^^a 

Pbrutb globulairb. (Fr.) ) -teisiie oaiis. 

(c) Perlite-porphyry. 

Perlttporphyr. (Germ.) 
Perlttb porphyroXde. (Fr.) 

(d) Vitreous, with resinous Lustre. 

Pechsteinartiokr Perlit. (Germ.) 

(e) Argillaceous Perlite. 

Thonstkinartioer Perlit. (Germ.) 

(f) PuMiCEOus Perlite. 

Perijthimotein. (Germ.) 

All these varieties are found (for instance) in the trachytic ifegions 
of Hungary, near Schemnitz, Tokay, Telkebanya, &c., near ZimapaD 
in Mexico, on the Lipari Islands, &c. 
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1 Obsidian and Pumice-stone. 
Obsidian und Bimstein. {Germ,) 
Obsidienne et Ponce. (Fr.) 

Obsidian is a volcanic glass^ sometimes porphyritic by 
reason of sanidine crystals ; this glass ^ however^ when 
it becomes vesicular^ passes over into the most exquisite 
foam-like pumice-stone . 

Spec, grav 2-3— 2*5 

Contains silica 71 — 82 p. c. 

This glassy or frothy texture belongs only to the rocks 
' the trachyte group, and more especially to the tra- 
yte-porphyries or rhyolites. Their colour is (in the 
se of obsidian) usually dark — black, brown, or greenish ; 

the case of pumice-stone, on the other hand, white or 
Uowish-grey. According to differences of texture, we 
ly distinguish : — 

) Common Obsidian. ) . . 

Gemkdjer Obsidian. {Germ.) \ A mere glass. 

Obsidienne commune ltthoXde. {Fr.) ) 
) Obsidian-porphyry \ With sanidine crystals, or some- 

ZZ^l^^^\Fr.) I times also mica plates. 
) Sphjerulitic Obsidian. \ With felsite balls, passing 

SPHAROLinscHBB OBSIDIAN. {Germ.) \ nvnr intn nprli+P 
Obsidiennb GLOBULAiRE. {FY.) ) ©ver lUTO peruxc. 

This rock is often of 
such long fibre and so 
' porous that it will even 
noat on water. 

These species of volcanic glass are only found in trachjtic volcanic 
^ons. They are very characteristically developed at the Peak of 
neriffe, the Lipari Islands^ in Iceland, in Mexico, &c. 

References, 

Beudardy Voyage en Hongrie, vol. iii. p. 389. 
" Erdmann, Joum. f. techn. Chem. 1882, vol. "xv. p. 36. 
K. V. Hazier, Jahrb. d. g. Eeichsanst. 1854, p. 868. 
Damour, Poggend. Ann. 1844, vol. Ixii. p. 287. 



) Vesicular Obsidian, Pumice-stone. 

Blasioer Obsidian (Bimstein). {Germ.) 
Obsidiknnb vacdolaire. {Fr.) 
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Mtmdoch, Phil. Mapr. and Joum. 1844, [2] voL xxv. p. 495. 
V. d. Boon-Meeschy Pogg. Ann. 1828, vol. xii. p. 616. 
Herter^ Perlstein. Zeitschr. d. deutschen geoL Uesellsch. vol. xr. 
p. 459. 

PHONOLITE GROUP. 

15. PHONOLITE, CLINKSTONE. 

PnoNOLiTH, Klingstein, Porphtkschiefbr. (Germ.) 
Phonolithe. (Fr.) 

A compact base or matrix^ in its fresh state dark 
greenish'-grey^ showing here and there single cleavage 
surfaces of a vitreous felspar. The mass is as a ruk 
somewhat slaty or schistose in texture^ or of thinlj 
tabular jointed structure — gives a clear sound when 
struck by the hammer ; on weathering a sharply 
defined white crust is formed. 

Spec, pav 2-4— 2-6 

Contains silica 60 — 62 p. c. 

Klaproth proposed the name of phonolite for this rock, 
as having a more scientific air than that of klingstein, 
previously in use, of which it is the translation, and 
the new name has been very generally accepted. The 
peculiar properties of the rock had long been recognised, 
its difference from basalt, trachyte, felsite rock, &c., but its 
exact ingredients had not been investigated. Gmelin first 
drew attention to its analysis by muriatic acid, in which it 
is partly soluble and partly insoluble. The soluble part was 
considered to be a zeolitic substance, the latter a felspar, 
and the whole was considered to be an intimately blended 
compound of zeolite and felspar (sanidine). 

By the more exact microscopic and chemical investi- 
gations of later times, however, it has appeared that the 
composition of the phonolite mass is not so simple, and is 
in some part wholly different from what was supposed. 
It is even questionable whether in its fresh state it con- 
tains any zeolitic substance at all ; certain is it that the 
nepheline crystals which both Breithaupt and Rose early 
recognised in phonolite, as well as the mineral forming 
part of the matrix which Rammelsberg also judged to be 
nepheline, have frequently been mistaken for zeolite. 

Gr. Jenzsch ventures to give the following as the mine- 
ralogical composition of this rock, after investigating mi- 
croscopically and chemically several very characteristic 
phonoUtes of Bohemia : — 
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Per cent, 

Sanidine, estimated at 63*65 

Nepheline, do 31-76 

Hornblende (arvendsonite) .... 9*34 

Titanite 3*67 

Pyrites 004 

These proportional values must, of course, vary greatly 
writt locality. 

As accessories, the following minerals occur, and are 
sometimes distinctly to be recognised in the rock ; viz. 
oligoclase, augite, magnetic iron-ore, olivine, haiiyne, 
brown mica, leucite, and nosean ; the last two minerals 
are the least frequent. It is possible that the zeolite 
(natrolite) which sometimes fills the crevices of the rock 
may also occur in the principal mass, but if so, it is 
probably the result of decomposition. 

In respect of the proportion of silica contained in pho- 
nolite, we might equally well group it with the basic as 
the acidic igneous rocks ; it forms one of the intermediate 
links between the two. As it never contains quartz dis- 
tinctly and separately developed, it might seem to be 
more allied mineralogically to the basic rocks ; but geo- 
logically its character is nearer that of the trachytes 
than the basalts. Where it occurs together with the 
latter, as is very frequently the case, it seems to play the 
same part as the trachytes under similar circumstances. 

Its small content of water (0*6 — 0*8 per cent.) appears 
to be (at least in part) a secondary product, the result of a 
conunencing decomposition ; and in the same manner the 
occurrence of many accessory minerals in the mass, more 
especially those appearing in the clefts and vesicular 
cavities. 

Phonolite often acquires a porphyritic texture from the 
prominence of distinct crystals of sanidine and acicular 
hornblende. The most marked porphyritic varieties are 
as a rule little slaty and somewhat decomposed. As de- 
composition progresses, the crystals become more promi- 
nent, and even the titanite then is frequently to be easily 
recognised. Many phonolites are dark-spotted, or they 
contain round grains of peculiar composition and colour ; 
these, however, as in the case of basalt, appear chiefly to 
arise from commencing decomposition. Many are en- 
tirely decomposed (kaolinised), and show an earthy frac- 
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ture, with a light colour. Whole mountains of phonolite 
have, apparently at least, decayed in this manner^ with 
scarcely a trace of slaty texture remaining. Naumann calls 
tliis variety Tra chy tic phonolite \ it is almost the only variety 
in which vesicular and amygdaloidal texture is found ; it 
never occurs in the fresh, dark, and slaty kinds. Jenzscli 
is even of opinion that the apparent vesicular and amyg- 
daloidal cavities of the phonolite are not genuine bubbles 
of the original rock, but have arisen subsequently by a 
kind of corrosive process of decay. This view certainly 
agrees with the absence of cavities in the perfectly fresh 
rock. Yet in some few phonolites are found very decided 
vesicular cavities. These cavities, as also the clefts Mid 
fissures, most usually contain zeolites; especially apo- 
phyllite, chabasite, comptonite, desmine, natrolite, anal- 
cime, or calcspar and hyalite. 

Varieties in Texture. 

(a) Common Phonolite, ) Dark-coloured, compact, schistose, 

GiMKDfKR Phonolith.cgww.) V or liuperfect slaty cleavase, and 

PHONOLITHB commune. (Fr.) ) •j.-r f^ » 5 1 ^ ' 1 !.« 

^ ^ ' with nnginff sound when struck by 
the hammer. Mileschauer in Bohemia; Milzburg on the Bhon 
Mountain. 

(6) PoBPHTHiTic Phonolite. \ The same mass with dis- 

PoRPHYRARnoER phonouth. (OtTtn,) \ tinct crystals of hornblende, 

PHONOLTTHE PORPHYROtoB. (FY.) } '. -^ .J. A ^» 

^ ' augite, or samdine. Aossig 

and Jakuben, near Tetschen in Bohemia. 

(c) Trachttic Phonolite. ) Not slaty, not clinldng, 

Trachttahnuchbr phonoltth. {Qerm.-) ) rough, of a rather light- 
grey colour ; frequently porphyritic, geodic, or amygdaloidal. Aussig, 
in Bohemia. 

(d) Spotted Phonolite. \ Luschwitz, near Aussig, in Bo- 

Gefleckter Phonoltth. (Oerm,) \ -UoTnio 

PHONOLFTHE TACHETfcE. (/"r.) j ^*'"Ai»' 

(e) Vesicular Phonolite. ) Blattendorf, near Haida. in Bo- 

Blasiger Phonolith. (Germ.) Y -Uamia 
PHONOUTHE VACUOIJURE. (Fr.) ) "*^""»* 

(/) Amygdaloidal Phonolite. ) Marienberff, near Aus- 

Mandelsteinartioer Phonoltth. (Oerm.) [ •_ • T>^i;Ir«;« 

PHONOLTTHE AMYGDALOltDE. (/V.) j ®^0> ^ -DOUenUa. 

The slaty or schistose phonolites are those which are 
most usually of tabular or columnar jointed structure. 
Those which are not slaty are usually only irregularly 
massive. 

This rock forms isolated conical hills, even more per- 
fectly than basalt, especially so in the Bohemian Mittel- 
gebirge and in the Oberlausitz. Much more rarely does 
it form great connected mountain ranges, and it is more 
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ely found in the form of dykes than basalt. On the 
itinent of Europe, phonoKte is only known as of ter- 
cy or of still more recent origio, and never as a genuine 
Ltonic rock. It is, on the other hand, also unknown as 
ual lava at active volcanoes, and from this it would 
)ear that its state must be more or less the result of 
►ling under pressure or of transmutation. In favour of 
1 latter supposition (of transmutation) is the presence 
zeolite, which is, however, not a constant ingredient. 
Lyell, in his Geology, has instanced the occurrence of a 
molite of the Devonian period in Forfarshire. If this 
a genuine phonolite, it is the only recorded instance of 
h being found of earlier than tertiary origin, but as 
notice is quite incidental, and has reference to a 
ferent subject, and is moreover very brief, we can- 
i, without further explanation, accept it as authority 
contravention of a law which otherwise appears uni- 
sal. 

Itefereiices, 
Gmdin, in Poggend. Ann. 1828, vol. xiv. p. 259. 
Struvfi, in Poggend. Ann. 1826, vol. vii. p. 348. 
Meyer, in Pog^end. Ann. 1839, vol. xlvii. p. 192. 
Redtenhacher, in Poggend. Ann. 1839, vol. xlviii. p. 494. 
SchiUy in G. Leonhard's Beitr. z. miner. Kenntn. von Baden, 

1864, vol. iii. p. 69. 
Schmid, in Poggend. Ann. 1863, vol. Ixxxix. p. 295 j v. L. u. 

Br. Jahrb. 1866, p. 846. 
Jenzsch, in the Zeitschr. d. d. geol. Ges. 1856, p. 167 ; and 

Poggend. Ann. vol. xcix. p. 417. 
V. Hath, in the Zeitschr. d. d. geol. Ges. 1856, p. 291, and 1860, 

p. 29. 
EtigeEbach, in the ErL z. geogn. Karte v. Hessen, Sect. Schotten, 

1859, p. 45. 
Fischer, Die Trachyte u. Phonolithe des Hohganes, v. L. Jahrb. 

1862, p. 366. 
MammeUhurg, Analysen von Phonolithen, Zeitschr. der d. geol. 

Ges. 1862, vol. xiv. p. 750. 
V, Fritsch has lately set up a distinction between nepheline- 
phonolite, nosean-phonolite, leucite-phonolite, and felspar- 
phonolite, Neues Jahrb. fiir Mineral. 1865, p. 663. 

2. Plutonic. 

rranite is the principal rock of the plutonic division of 
acidic igneous rocks, as trachyte is of the volcanic 
sion of the same rocks. 
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The other plutonic rocks rich in silica may all be classed 
with granite as subordinate varieties of the same com- 
pound. The principal of these are quartz-porphyry, 
felsite rock, and pitchstone, all of which may be almost 
regarded but as different states of the same substance, 
bearing somewhat the same relation to granite as the 
rhyolites to the trachytic rocks. We therefore describe 
them all as granitic igneous rocks, although the idea of 
a granular texture is usually conveyed by the name of 
granite. 

In the composition of all these rocks, orthoclase, or an 
orthoclastic substance, is predominant (frequently asso- 
ciated with other felspars), and is combined with quartz, 
mica, chlorite, talc, some hornblende, &c. ; never with 
augite. 

The various combinations of these mineral ingredients 
give the following specially named rocks each with their 
subordinate varieties. 

1. Granite. A compound of felspar, quartz, and mica; 
granular, and sometimes also porphyritic, or other variety 
of texture. The following are varieties in composition:— 
protogine, syenite-granite, schorl-granite, adularia-granite, 
granitite, ferruginous granite, graphite-granite, beresite, 
aplite. 

2. Granitic porphyry and (so-called) syenitic porphyry* 
A rock containing the same ingredients as granite. The 
matrix is usually compact, enclosing distinct crystals or 
grains of felspar, quartz, and mica, or chlorite. 

3. Quartz-porphyry, A compact matrix of the same 
chemical composition as granite, with separate individual 
crystals of felspar and quartz. 

4. Felsite rocky or petrosilex. The matrix of quartz- 
porphyry without its crystals. 

5. Pitchstone and pitchstone-porphyry. The same sub- 
stance as the above in a vitreous state, sometimes with 
crystals of felspar and quartz. 

it may appear to be inconsistent to treat the four last- 
mentioned rocks as distinct species, instead of mere varie- 
ties of the same species, as in the case of the rhyolites in 
the trachytic group. Our only reason for a different 
treatment is, that in general they are capable of beiflg 
more easily distinguished from each other. 
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16. GRANITE. 

Granit. (Germ.) 
Granite. {Fr.) 

A crystalline granular compound of felspar, quartz, and 
mica. In certain varieties there occur chlorite, talc, 
hornblende, and schorl. 

Spec, gray 2-6— 2-7 

Contains silica 62 — 81 p. c. 

The several mineral grains or particles are firmly knit 
together by their crystalline surfaces, without any uniting 
oaedium. They are of a size to be individually recognised, 
but their size is very various, and the rock is accordingly 
Joarse-grained, fine-grained, or medium-grained. The so- 
iaUed giant granites have grains larger than a walnut, 
)ther varieties not larger than mustard-seed. If the 
grains are so small as to become indistinct, and the rock 
issumes a compact texture, then it is no longer granite 
iccording to the usual meaning of the term. 

We shall treat of these compact states hereafter under 
ihe names of felsite rock and petrosilex ; they form states 
)f transition between granite and other rocks. 

The felspar is usually the predominant ingredient, and 
ie mica occupies the smallest place in granite. 

The felspar is chiefly orthoclase, very often accompanied 
>y some oligoclase. Oligoclase alone has not yet been 
)bserved with certainty. It is also uncertain if albite or 
abradorite ever occur in the granitic compound. 

The orthoclase is somewhat various ; it is usually the 
iommon opaque species of yellowish-white or reddish 
olour ; more rarely grey or greenish. At many places 
as, for instance, in the central chain of the Alps), it is 
>rincipally that transparent vitreous variety, frequently 
plit and cracked, which is termed adularia. The ortho- 
lase of granite is most readily to be distinguished from 
he oligoclase by its fresher state, its mother-of-pearl 
istre, and simple twin growth ; whereas the oligoclase is 
amewhat of resinous lustre, and has delicate parallel 
triae arising from multiform twin growths, or it is more 
ecomposed, dull, paled in colour, or even transmuted 
ito a totally different substance resembling steatite, 
jometimes a thin coating of oligoclase is found incrusted 
ound the grains of orthoclase. 
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Orthoclase not only occurs as an ingredient in the 
normal granitic compound, but sometimes prominently in 
distinct twin crystals imbedded in the granitic mass, in 
which case the rock is termed porphyritic granite. These 
crystals are sometimes several inches long, and they enclose 
particles of quartz and mica, so as to form inside the crystal 
small kernels or parallel streaks of fine-grained granite. In 
the granite of the Fichtelgebirge, very large twin crystah 
of orthoclase are sometimes found broken, their several I 
parts lying imbedded close together, just as in the case 
of the sanidine crystals of the I)rachenfels trachyte. 

The quartz in granite is seldom in the form of perfect 
crystals ; it usually forms grains of irregular shape, or 
masses grown in with the other mineral ingredients of the 
granite, chiefly with the felspar. It is tolerably trans- 
parent and colourless or white, dark-grey, vitreous, most 
easily recognisable by its hardness. The granite of Eum- 
biu*g in Bohemia contains a dark-blue variety of quarta. 
It is remarkable that this, the most difficult of fusion of 
all the ingredients of granite, is often found hemmed in 
between the felspar and mica, and to have received impres- 
sions from the felspar at least ; whence it follows that the 
quartz must have solidified somewhat later than it. 

The mica of granite occurs in the form of thin laminse 
or small hexagonal plates, whose cleavage-planes lie in i 
various directions, and therefore do not occasion a foliated 
texture. Sometimes they are clustered in small bimches; 
or sometimes long continuous rays of mica run through 
the whole rock. Most usually it is potash-mica or mag- 
nesia-mica ; sometimes margarodite ; or lithia-mica, white, 
grey, brown, black, more rarely yellow or green in colour. 
Occasionally different coloured micas occur in the same 
rock, or a narrow border of white potash-mica envelopes 
the dark magnesia mica. But it is often difficult accu- 
rately to determine the species of mica in these thin laminae ; 
the easiest test is generally the optical. It is worthy of 
remark that potash-mica and tourmaline (schorl) appear 
only to occur (as original products) in plutonic-igneous 
or metamorphic rocks, and in plutonic dyke formations ; 
never in volcanic rocks. 

The ingredients which we consider as essential for 
granite are nevertheless sometimes replaced by others. 
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lis species of substitution occasions varieties in composi- 
n which will be more particularly described below. It 
3urs especially with the mica, whose substitutes are, talcy 
lorite (in protogine), schorl (in schorl-granite), graphite 
1 graphite-granite), micaceous iron (ferruginous granite). 
Sometimes a fourth ingredient appears in local but 
laracteristic varieties of granite; e.g. hornblende (in 
enitic granite) or pyrites (in beresite). 
The following minerals occasionally occur in granite, 
it only as accessories ; viz., tourmaline, garnet (always in 
e form of trapezohedra), andalusite, topaz, beryl, pinite, 
latite, fluorspar, pistacite, corundum, zircon, titanite, 
Ldolinite, orthite, pyrorthite, allanite, cordierite, magnetic 
)n-ore, tin-ore, mispickel, molybdenite, and native gold. 
We find many transitions from granite into other rocks, 
bese are partly occasioned by variations of composition, 
id partly by variations of texture. The accession of 
Ic, chorite, schorl, or hornblende to the granitic com- 
und occasions transitions into protogine, schorl rocky or 
enite. If the felspar of granite disappears, we obtain 
lessen^ or if the quartz disappears, mica-trap {minette), 
if the mica disappears, aplite, and a kind of granulite. 
the laminae of mica assume a parallel direction, then the 
iture becomes foliated, and gneiss is the result. If the 
itrix of a porphyritic granite becomes very fine-grained 
compact, then we have a transition to granitic porphyry ; 
d if in that case the mica also disappears, then the rock 
Bomes quartz-porphyry. Finally, if the whole granitic 
npound becomes very fine-grained to compact, then the 
;k \afelstone. 

Varieties in Texture, 
) Common Grafite. \ Coarse, medium, or fine-grained, pro- 

GKMErNKRGRAiaT.((7*rTO.) \ bablv the most extensively diffused of 

GRANITE COlOiUN. (Fr.) j ^ j^^^^ ^^^^ Jf ^^^ ^^^^ ^^ 

y coarse, it is sometimes called giant granite. Trebendorf, near 
er. Very fine-grained varieties, on the other hand, occur at 
rbersdorf, near Eger, in Bohemia, at Welsau, near Redwitz, and 
the Vienna paving-stone. 

) Porphyritic Granite. \ The porphyritic texture is usually 

Gkbirgs-Granit, ». Leonhard. _ caused by large orthoclase crys- 

GraS^^rphtkoXde. iFr.) ' tals, more rarely by quartz crys- 

^ tals. The prmcipal mass is 

granular. Carlsbad and Ellenbogen, Ochsenkopf and Goj)- 

fersgrUn in the Fichtelgebirge, &c. As a subvarietjr of this 

class, we may cite the rappakivi of Finland, the principal mass 
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of which is usually much decomposed ; it encloses rounded masses 

of red felspar often half an inch across, enclosed by orbicular 

envelopes of green oligoclase a quarter of an inch in diameter. 

(c) Gneissic Granite. * " '"' ^•-i---^-j - _^- 

GNEIS80RAN1T. (Ocrm.) 
Granite gnkissique. (Fr.) 



((T) Graphic Granite. 

SCHRIFTGRANIT. (Germ.) 
Granite orafhiqub. (Fr.) 



(e) Pegmatite. 

Pechmattt, Naumann. 

(Oerm.) 
Pegmatite, iTatiy. (Fr.) 



A granite with foliated texture. In 

a geological point of view, much of 

what latterly has been called red 

gneiss (gneissite), and which appears to be eruptive, must be 

here included. Perhaps some grey gneiss too. 

The orthoclase is altogether predomi- 
nant in large crystals, and is penetrated 
by the quartz according to a singular 
crystallographic law, so that in certain cleavage-planes it pro- 
duces figures resembling writing. The mica (usually white) is 
accumulated separately in groups. This remarkable variety 
usually only forms subordinate masses or dykes of small extent 
in the ordmary granite or in gneiss or mica-schist, but such 
dykes are very frequent, e.g. in the Schloitzbachthal, near 
Tharand, in Saxony. 

This rock Naumann separates from the 
graphic granite, and he understands by 
it a variety, very coarsely and irregu- 
larly constituted, of orthoclase, quartz, 
and silvery-white mica. It often contains tourmaline, and 
occurs under the same conditions as the graphic granite, and 
frequently together with it. 

This seems the proper place for certain other granites of 
irregular composition very rich in felspar. Some are traversed 
by dark continuous rays of mica, in others the felspar assumes 
a form resembling flowering stalks (Blumengramt), 

In the granite of Ballybrack, near Dublin, the mica (Margar 
rodite) assumes this plumose form, occurring in branches of 
Prince of Wales' feathers, one inch across and several inches 
long. — Jukes. 

The gi'anites of this class are all of very small extent, and 
their particular character is probably owing to special circum- 
stances. They all usually contain many accessory minerals, such 
aa albite, tourmaline, topaz, beryl, garnet, gadolinite, orthite, &c. 
They are sometimes so imbedded between strata of crystalline 
schist that they can scarcely be regarded as of eruptive origin. 
(/) MiAROLiTE. \ IB the name given by Foumet to 

MiAROLTTH. {Oerm.) \ a ffeodic eranite, rich in oliffoclase, 

MiARorn^, Foumet. (Fr.) j ^-^^ nei|hbourhood of Lyoiis, and 
at Baveno in the Alps. 
The following are varieties in composition ; in them 
we find many of the varieties in texture repeated. 

A granite which contains talc or chlorite 
or decomposed mica instead of the usual 
mica. It is very extensively developed 
in the Western Alps. In the Erzgebirge much of the granite 
lying between Schneeberg and Eibenstock contains no mica, but 
in its stead siskin-green talc, which combined with flesh-red 
felspar and white quartz gives that rock a singular appearance. 



(£/) Protogine. 

Protoqin. (Oerm.) 
Protogdie, /ttnn«. (Fr.) 
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(A) Syenttic GRAmiE, granite with hornblende. If the quartz and 
ndca gradually diminish and finally disappear from the granitic 
compound, then the rock passes over into a syenite. Svenitic 
granite is often porphyritic, owing to the presence of large 
crystals of orthoclase. It is very abundant near Moritzburg 
and Meissen, in Saxony. The greater part of what is usually 
called syenite properljr belongs to this class, especially those 
syenites which contain quartz or mica as characteristic in- 
gredients. But there is no definite boundary between syenitic 
granite and syenite. 
(») ScHOKLACEOus Granite. ] Granite with schorl in the place of mica, 
S cHORL GRAyrr. (Oerm.) I usually fine-grained, and forms veins in 
LuxuixiAioTB, jHsani. ) other ^anite ; as, for instance, near Hei- 
delberg and near Predazzo in Tyrol (very characteristic) : the 
latter is a compound of orthoclase, quartz, and schorl. 

The name Luxullianite has been proposed by M. Pisani for a 
porohyroidal granite, in which the mica is replaced by tour- 
mafine, ^because it is found in the parish of Luxullian/ in Com- 
walL 
(k) Adularia Granite and Adularia Protogine. ) With adularia 
Adxtlaboranit und Adularpkotogin. (Germ.) ) in the place of 

the ordinary felspar ; very extensively developed in the Alps. 
(0 Granitite. ) Is the name proposed by G. Rose for all 

GBANrrrr. (Germ.) J granites containing much oligoclase with 
red orthoclase, quartz, blackish-green magnesia-mica in small 
quantity, and no white mica. This rock forms the principal 
materiaJ of the Eiesen Gebirge; it occurs in the Brocken of 
the Hartz Mountains, Brixen in the Tyrol, &c. In composition 
it is identical with the mariolite of Foumet. 
[m) RuMBiTRG Granite. ^ With blue quartz, occurs at Rum- 

RuMBURQER grantt. (Germ.) j lyuig in Bohemia, also at Pic Blanc 
in the Monte Rosa chain. 
n) Graphitic Granite. ) With graphite in the place of mica, 

Graphttgranit. (Germ,) J e. g. near Passau, on the Danube. 
o) Ferrtjginoxjs Granite. \ With micaceous iron instead of the 
EisENGRANiT. (Germ.) j ordinary mica. Occurs at several places 
in the Fichtelgebirge, also in iron-mines near Dossenheim in 
the Odenwald. 
p) Beresite. \ A granite containing pyrites and very little 

BBREsrr. (Germ.) \ mica ', forms considerable dykes in the clay- 
slate near Beresowsk in the Ural. These dykes are themselves 
traversed by quartz veins containing gold. 
f) Aplite or Semi-granite. ^ Is the name given to a variety 

Aplet Oder Halbgrantt. (Germ.) \ of very subordinate extent, 
consisting onlv of quartz and orthoclase, and therefore mine- 
ralogicalljr alhed to granitite. 
Greisen might also be reckoned as a variety of granite without 
felspar. It does actually pass over into granite. Its special 
^eolpgical character seems, however, to entitle it to be men- 
tioned as a separate rock. (See post, No. 50.) 
•) ToNALiTE. 1 The name given by Vom Rath to the 

TovAUT, Vom Rath. (Germ.) i rock which forms the principal mass 
of the Adamello group of mountains in Southern Ijrol, and 



208 ACIDIC IGNEOUS BOCKS. (2) PLUTONIC. 

which has hitherto always been described as granite. It is a 
crystalline ^nular compound of tridinic felspar with quartz, 
magnesia-mica, and hornblende. The tridinic felspar belongs 
to an entirely new species not yet named. The quartz forms 
at least one-third of the whole mass. It contains as accessories, 
orthoclase, orthite, titanite, and magnetic iron-ore. It contains 
67 per cent, of silica. Many dark-coloured concretions are 
contained in the rock. In Tyrol this rock has broken through 
the mica-schist. (Zeitschr. d. deutsch. geol. Ges. 1864, p. 249.) 

All the varieties of granite are most commonly of irre- 
gularly massive or else of thick tabular jointed structure. 
By weathering, elliptical bodies are sometimes formed 
which fall off in concentric layers, the interior remaining 
fresh and firm. Granite is often found in large blocks 
and boulders on the surface of the ground. 

Granite is unquestionably one of the most extensively 
prevalent of rocks, and its mineral compound, which is 
also that of gneiss, is without doubt the most important 
and frequent of all the rock substances of the earth. 
Moreover, we find granite in all regions of the globe 
assume the same or analogous bedding in relation to 
other rocks. It frequently occupies extensive tracts, and 
sometimes forms the backbone of whole mountain re- 
gions. It also frequently forms dykes, and these some- 
times penetrate the larger granite masses (from which 
they may be distinguished b^ their texture) ; sometimes 
the crystalline schists or older sedimentary formations: 
granite dykes having been exceptionally found as late as 
the Jurassic formations, e. g. in the Alps. The greater 
part of the granites accessible to observation appear, 
however, to be older than the coal formation, and to be 
of deep plutonic origin. These granitic dykes are occa- 
sionally accompanied by so-called contact formations; 
such as friction breccias ; silicification of the neighbouring 
rock ; chiastolite-schist ; nodular schist (see post, p. 257); 
granulation of limestone, &c. 

The usual bedding* of granite, and its relation to the 
bedding of adjoining rocks, unmistakably prove its erup- 
tive character, except, perhaps, in some special cases. 
Some doubts, however, which deserve our notice, have 
been raised as to its former state of igneous fusion. 

* The term ' bedding ' applied to igneous rocks, especially to granitic 
rocks, must be taken as equivalent to * mode of occurrence ;' and ' erup- 
tive' as only meaning 'intrusive' or 'irruptive.' — Translaioe. 
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These rest chiefly upon the fact of the quartz having 
solidified later than the felspar and mica, and on the want 
of distinct traces of the effect of heat on the rocks which 
the granite appears to have broken through. These ob- 
jections, it appears to us, may be satisfactorily answered 
by supposing the granite always to have consolidated at 
great depth, and under genuine plutonic influences, per- 
haps even with the aid of water. The great resemblance 
w^hich granite bears to the trachytic rocks speaks, at all 
events, for a similar process of formation for both. 

That there are no new granites of volcanic origin is a 
accessary consequence of the assumed fact that the granitic 
compound can only have originated in the depths of the 
Barth. We must likewise assume that great periods have 
elapsed in every instance from the time of the formation 
if granite rocks before they have become exposed to view. 
We may well assume that the trachytes represent the vol- 
canic part of the same igneous formation which gave birth 
to the granites. 

The name of granite (according to Emmerling's Lehrb. 
d. Mineralogie) was first applied to rocks by Tournefort 
in the year 1698. But according to Breislack's Lehrb. 
d. Geologic, it had been used by Caesalpinus as early as 
1596. For a long time it was, doubtless, used to desig- 
nate every coarse-grained compound rock. The meaning 
of the term was first more definitely fixed by Werner. 
It has from the first been felt to be a geological necessity 
to group with granite many other rocks bearing a close 
aflinity to it, but it has always been no less difficult to say 
svhere the line should be drawn. 

In 1849, G. Rose proposed the following new division 
ini grouping of granitic rocks (see Zeitschr. d. d. geol. 
&es. p. 352) :— 

1. Granite (proper) , essentially coDsisting of orthoclase, white (potash-) 

mica, black (magnesia-) mica, and oligoclase ; as accessories, 
hornolende, orthite, titanite, apatite, and iron pyrites. 

2. Granititey essentially consisting of orthoclase, oligoclase, quartz, 

and magnesia-mica ; as accessories, hornblende, orthite, zircon, 
titanite, pyrites, chalcopyrite, and molybdenite. 

Now as Rose himself subdivides his granite (proper) into 
several varieties whose composition differs as much from each 
other as granitite from granite, no sufficient reason appears for 
this violent division and new nomenclature. 

3. Syenite, essentially consisting of orthoclase, oligoclase, hornblende, 

P 
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magnesia-mica, and quartz; as accessories^ titanite^ apatite, 
magnetic iron-ore, &c. 

The difference between this and the granitite also consists in 
the greater frequency of the hornblende, in its being named as 
an essential instead of an accessory ingredient. This is our 
syenitic granite. The ^nuine syenite of the Plauenschen- 
Grund does not agree with this definition beoause it seldom 
contains mica and, perhaps, contains no quartz at all. There- 
fore Rose sets up varieties of composition differing, however, 
more from each other than his svemte from granite. 

4. Porphyry y essentially consisting of orthoclase, oligodase, quartz, 

and magnesia-mica ; as accessories, cordierite, garnet, orthite, 
and pyrites, its essential difference firom his gramte or granitite 
consisting only in texture. 

Now, as oligoclase and mica entirely fail in many rocks whick 
Eose reckons as porphyries, he has been driven again to make 
varieties which difier almost more from each other than his 
poi-phyries from the other granitic rocks. 

5. Syenitic Porphyry y with a matrix enclosing crystals of orthoclase, 

oligoclase, magnesia-mica^ and hornblende; as accessories, 
garnet, nepheline, titanite, quartz, magnetic iron-ore^ specukr 
iron, and pyrites. 

This is a very different rock from that which has received 
the name of syenitic porphyry ever since Werner's time. It is 
OUT porphyrite, which as we have seen maybe divided into (A) 
a rock essentially felspathic, (B) containing felspar and horn- 
blende, and (C) contaming felspar and mica. 

The literature respecting granite is, as we might ex- 
pect, a very rich one — we will only cite a few treatises 
on the more special phenomena. 
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Foumety On Miarolit, M^m. sur la G^ol. des Alpes, part. 2, p. 24, 
and Bullet, de la Soc. g^ol., [2] vol. ii. p. 495. 

Bothlinkyy On Rappakivi — a granite which, however, often 
contains no quartz, and then is very similar to mica-trap. v. 
L. u. Br. Jahrb. 1840, p. 613. 

V. Rosthom and Canavcdj On Albite-granite and Tourmalin- 
granite in the Alps. v. L. u. Br. Jahrb. 1855, p. 684. 

V. Rickthofeny On Granitite, Tourmalin-granite, and Tourmalin- 
syenite, Geogn. Beschr. von Sud-Tyrol, 1860, pp. 108 and 
148. 

AxeUGadoltn distinguished two kinds of granite dykes in the 
gneiss of Ladoga Lake, viz. : older dykes, with albite from 
two of more recent formation, containing much oligoclase. 
Verhandl. der k. russ. mineral. Ges. zu Petersburg, 1857-8, 
p. 85. 
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Svanberg comes to the conclusion from analysis that besides 
orthoclase other orthoclastic felspars occur in granite. Journ. 
t prakt. Chem. 1844, vol. xxxi. p. 161. 

Delesse distinguishes in the Vosges Mountains protogine from 
* Granite sy^nitique des Ballons.' Bullet, de la Soc. g^ol. 
1862, [2] vol. xi. p. 464. 

Also, < Granite des Ballons,* ' Granites des Vosges,' and 
' Filons de Granite.' Ann. des Mines [6] vol. iii. p. 369. 

On the Pegmatite with Tourmalin of Saint Etienne in the 
Vosges. Ann. des Mines, 1849, [4] vol. xvi. On Pegmatite 
of Ireland. Bullet, de la Soc. g^ol. 1863 f2] vol. x. p. 668. 

HauiiMon^ Quart. Joum. Geol. Soc. 1866, voL xii. p. 177; 
and 1868, vol. xiv. p. 300. Address delivered bewre the 
Geol. Soc. of Dublin, 1862. 

J?. Scott^ The Granites of Donegal. Joum. of the Geol. Soc. 
of Dublin, vol. ix. p. 286. 

Scheerer, Granite Tyrols. Jahrb. f. Min. 1864, p. 386. 

Sir W. E. Logan, Classification of Emptive Kocks. Rep. 
GeoL Surv. Canada to 1863, p. 646. 

G. Leonhard distinenishes between older and newer granite 
veins in the Heidelberg mountain granite. Gegend um 
Heidelberg, 1844. 

Bunseriy On Granite formation. Zeitschr. d. d, geoL Ges. 
1861, p. 96. 

C. Rothe, iiber die krystallinischen Gesteine des Ries. Jahrb. 
fiir Mineralogie, 1863, p. 169, contains many new analyses 
of granite. 

V. Helmersen has described the Rappakivi of Finland, of which 
the Alexander column of St. Petersburg is formed, as a por- 
phyritic granite with a flesh-red felspar predominant. 

Brymn treats of the supposed neptunic origin of granite in the 
Edinb. New Philos. Journal, 1861, vol. xiv. p. 149. 

Fuchs on the granite of the Hartz in the Jahrb. fiir Mineralo- 
gie, 1862, pp.769, 807. 

H, C, Sorhy. On the Microscopical Structure of Mount Sorrel 
Granite: Proc. Geol. and Polytech. Soc. W. Riding of 
Yorksh., 1863-4, pp. 301-4. On the Microscopical Structure 
of Crystals, indicating the Origin of Minei-als and Rocks : 
Quart. Joum. Geol. Soc. 1858, vol. xiv. p. 453. 

Sorby and (later) Zirkel have made interesting dis- 
reries by microscopic analysis of granites and several 
ler igneous rocks. 

The quartz and the felspar of Granite are found to en- 
se numerous very small vesicles filled with water and 
, and also many minute particles of glass. The quartz 
3 contains some very minute crystals of felspar. The mi- 
•scopic structure of the Trachytes very closely resembles 
Lt of the granites ; their compact matrix Zirkel recog- 
ed as a compound of felspar and quartz. In the compact 
ss of fresh Basalt he recognised a compound of felspar 

p 2 
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and magnetic iron-ore with very little olivine, and traces 
only of augite. The vitreous mass of Pitchstone resolved 
itself under the microscope into a confused compound of 
very delicate acicular crystals. The same thing with 
Obsidian. Even the newest Lavas exhibited in their 
mass very minute pores filled with water. 

17. GRANITIC PORPHYRY and SYENITIC 
PORPHYRY. 

Granitporphtr und Stenitporphtr. (Germ,) 

A compact or Jine-grained felsitic base, enclosing crystals 

or crystalline grains of felspar y quartz , and micay or 

chlorite. 

Spec. grav. 2-6— 27 

Contains silica 61 — 64 p. c. 

The matrix is yellowish, brownish, or dark green. 
When not quite compact, its material may be recognised 
as consisting principally of felspar, combined with quartz, 
mica, or chlorite in small proportion. The presence of 
chlorite occasions transitions into porphyritic granite or 
protogine ; but in distinguishing and naming these transi- 
tion rocks, their geological relations must always, to some 
extent, be taken into account. 

The distinct crystals of felspar are very numerous in 
this rock, and are usually of large size. They are for the 
most part twin crystals of orthoclase, and these are often 
coated with a different species of felspar, probably oligo- 
clase, crystallographically combined (grown together) with 
the orthoclase. There sometimes occur also separate and 
smaller felspar crystals and grains ; these latter, as well as 
the crust of the larger crystals, show delicate stripings, 
and therefore both, probably, consist of oligoclase. 

The quartz most usually forms small grains or crystals 
of a smoke-grey colour, often, however, larger diplohe- 
drons (which were formerly mistaken for double pyramids) 
very distinct and prominent. 

The dark mica usually only occurs in small delicate 
flakes or thin hexagonal plates. If the rock contains 
chlorite instead of mica, as in the variety termed syenitic 
porphyry, the chlorite forms small dark green scaly grains, 
or else it is intimately blended with the matrix, to which 
it imparts a green colour. 
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The above-mentioned modifications give rise to several 
rieties of the rock. 

Varieties in Texture. 

) Common Granite-porphyry. The matrix is compact tliroup^h- 
out J often dark-coloured. It contains separate ciystals, grams, 
or laminsB of orthoclase (and sometimes oligoclase), quartz, 
and mica. If tlie mica fails, the rock passes into ordinary 
quartz-porphyry. Frequent m the Thuringian Forest, e.g. 
near Scnmiedefeld, and in the Drusenthal, where it forms dykes 
of great thickness. 

) Granitic Granitb-porphyry. ) The matrix resembles 

Granitahnijchsr Granttporphtr. (Oerm.) j in part a fine-grained 
granite, but distinct crystals of orthoclase, and large grains of 
quartz, and also laminsB of mica, are separately and prominently 
developed. Frequent in the neighbourhood of Schellerhau ancl 
Barenburg in the Erzgebirge. The composition of this rock is 
very similar to that of porphyritic granite. The geological 
character in these doubtfii cases shoidd determine the nomen- 
clature of each particular rock. 

At Niederschona, near Freiberg, where a rock belonging to 
this class forms a vein in gneiss, it contains large light- 
coloured twin crystals of orthoclase, whose exterior appears fresh, 
but inside each crystal is a decomposed nucleus frequently 
changed into a greenish substance like lithomarge. It would 
almost seem as if the nucleus of the orthoclase crystal had 
originally consisted of oligoclase or a compound of oligoclase 
and quartz. The magnificent columnar granite-poi-phyry of 
Altenhain, near Frankenberg, in the Erzgebirge, is a rock of the 
same class, but the orthoclase crystals do not exhibit the same 
phenomenon as those of Niederschona. 

Near Liebenstein in the Thuringian Forest, a granitic 
porphyry traverses and forms dykes in the ordinary granite. 
It possesses a very fine granitic matrix, and very distinct 
white crystals of orthoclase, with brown edges ; also dark spots 
or fragments (which are still compact) of greenstone which 
the porphyry has broken through. 

) Micaceous Granite-porphyry. ) This rock, which Kit- 

Glimmerreicher Granttporphyr. {Oerm.) ) tel first described under 
the name of granitic porphyry, and which occurs at Aschaffen- 
burg, interposed between syenite rocks, consists of a fine-grained 
to compact felsitic mass' rich in mica (a kind of minett^) in 
which numerous grains or crystals of quartz and somewhat 
fewer, but much larger crystals of felspar are imbedded. 
According to Kittel, the quartz crystals often show prismatic 
surfaces. The orthoclase crystals are partly single, partly 
twins, very fresh, without marginal crust, and have well-defined 
edges, but strange to say, completely rounded ofi*, so that their 
cross-section always appears elliptical. 

) Chxoritic Granite-porphyry. ) Often called «yewt^wj^or- 

CHLORmscHER Grakitpqrphyr. {Germ.) ) phyry, probably because 
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the particles of chlorite which it contains have been mis- 
taken for hornblende; but in some places the rock appears 
actually to contain some honiblende as an accessory. The 
matrix is compact or fine-grained, brown or dark green, 
often very rich in quartz, and contains chlorite, and some- 
times mica also. The chlorite forms little flakes or grains, 
the quartz is in the form of diplohedrons, and the twin 
crystals of orthoclase are sometimes more than an inch long. 
In the syenitic porphyries of the Erzgebirge (the rocks ori- 
ginally so named by AVerner) these orthoclase crystals are often 
enveloped in an outer coating of oligoclase, of about one-tenth 
of an mch thick, showing distinct twin stripings. The oh- 
goclase is sometimes lighter in colour than the orthoclase 
(greenish-yellow) sometimes darker (brown), and it is gene- 
rally more decomposed than it. This rock near Frauenstein 
and Altenberg has broken through gneiss, mica-schist, granite, 
and quartz-porphyry, and forms very important and extensive 
dykes in those rocks many miles in length. Near Frauenstein 
it contains, according to Kube, about 64 p. c. of silica. 

Naumann has described a rock of somewhat different cha- 
racter under the name of green porphyry. It occurs in the 
neighbourhood of Wurzen in Saxony, where it forms small 
rockj^ hills. Its matrix is dark-green, probably from chlorite, 
and it also contains some magnetic iron-ore. 

Dr. Rube determined its proportion of silica at about 61 p. c. 
This rock is likewise moi-e recent than the quartz-porphyry of 
the same district. 
(e) The Base or Mother Rock of these Porphyries occasionally 
occurs free from crystals (towards the outer margin of the 
rock), and it then assumes very much the character of a fine- 
grained granite, poor in mica and rich in chlorite. 

All the above-named varieties are most usually massive, 
but sometimes of columnar-jointed structure. They form 
great mountain masses or thick dykes. There are bo 
vesicular or amygdaloidal varieties, or tufa formations of 
rocks belonging to this group. 

Beferences, 

Zirkel, Geogn. Verb. d. Umg. von Aschaffenburg, 1840, p. 30. 
Naumann, Erlauter. zur geogn. Karte von Sachsen, 1836, iCo. 1, 
p. 139. 

18. QUARTZ-PORPHYEY, ELVANITE. 

Qfabzpobphtr. (Germ.) 

PORPHTRE QUARTZLPERE, ElVAN. (Fr,) 

A coifnpact felsitic mass as matrix, enclosing crystals or 
crystalline grains of felspar and quartz. 

Spec, grav 2-6— 26 

Contains silica . • • , . 70 — 81 p. c. 
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The compact matrix of the quartz- porphyries consists 
principally ,'if not altogether, of felspar ; this is sufficiently 
proved by its hardness, weight, colour, as well as by 
chemical analysis; and from its compactness, its large 
proportion of silica and the crystals of orthoclase which are 
imbedded in it, we conclude that it most probably consists 
of orthoclase. Its proportion of silica is, however, too high 
even for orthoclase, and it is therefore probable that some 
quartz is intimately combined with the felspar. If this 
be the case, it would not alter the fusibility of the rock 
before the blowpipe. An intimate compound of felspar 
and quartz melts almost as readily as felspar alone. The 
colour of the matrix generally varies between yellowish 
and reddish, but sometimes goes over into brown and 
grey, and even to white. Exceptionally, also, violet and 
green varieties occur. 

The state or texture of the matrix varies somewhat, 
and the differences are partly original, partly occasioned 
by decomposition and weathering. Sometimes it is quite 
compact like hornstone, with a smooth conchoidal frac- 
ture ; most usually it is compact with uneven dull fracture, 
which appears to be the sign of transition towards a crys- 
talline state ; finally, it is sometimes rough and dull, 
almost earthy, which is a sign of conunencing decompo- 
sition (kaolinising of the felspar). Owing to these dif- 
ferences of texture or state, the substance of the rock 
itself was formerly regarded as varying essentially, and it 
has been so described, whence the names of hornstone^ 
porphyry^ felstone-porphyryy and clay stone-porphyry^ or 
even clay-porphyry. The differences, no doubt, exist, 
but they are only of a different arrangement of particles, 
or of decomposition of one and the same substance. This 
matrix of the quartz-porphyries, which sometimes occurs 
as a separate rock without crystals, has received separate 
names, such 2^felsite or felsite rock, eurite, petrosilex, and 
hdlle/linta, hence also the names of felsite-porphyry and 
eurite-porphyry. It is seldom or never of vesicular or 
amygdaloidal texture. 

In genuine quartz-porphyry, felspar and quartz are 
the only crystals which are porphyritically developed. 
If mica or chlorite occur in addition they constitute a 
transition into granitic porphyry. The felspar is usually 
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orthoclase, and from its twin growth is usually very dis- 
tinctly to be recognised; sometimes, also, oligoclase or 
sanidine occur. All these felspars where they occur por- 
phyritically are very distinctly and sharply developed, 
and are easily distinguished from the matrix. 

The crystals of quartz are white, grey, or almost black, 
but ^dthal frequently transi)arent ; they are small, seldom 
larger than the size of a pea; they form either sharp- 
edged diplohedrons (without a trace of prismatic surface), 
or they are more or less rounded off at the edges and 
angles, or finally they form mere rounded grains without 
crystal surfaces. The rounding of these crystals is some- 
times so remarkable that it has given rise to the idea of 
their having been actually rounded by friction, which in 
genuine porphyries can hardly be the case. The number 
and proportion of the quartz crystals contained in the 
matrix, as also that of the felspar crystals, is very variable, 
and sometimes diminishes even to total disappearance, so 
that transitions take place into the quartzless-porphyrite or 
into felsite rock ; but quartz-porphyry, although poor in 
quartz, is nevertheless always to be distinguished from 
genuine porphyrite by its far greater proportion of silica. 
The quartz-porphyries on an average have more silica 
even than the granite, just as the rhyolitic division of the 
trachytes contains more silica than the trachytic. There 
is scarcely any petrographic difference between many 
quartz-porphyries (especially if they contain sanidine or 
oligoclase) and some kinds of trachyte-porphyry. They 
are sometimes so much alike as not to be distinguished 
from each other in ordinary hand specimens. In such 
cases the character of a given rock can only be determined 
geologically, and ascribed to the granitic or the trachytic 
group respectively, according as it occurs in a granite or 
trachyte district, or from its relation to some rock of more 
distinct character to which it may be traced by transitions. 

Smaller crystals or particles of quartz, but large enough 
to be discovered by the eye or with an ordinary lens, are 
often interspersed in the matrix between the larger and 
more distinct crystals of this rock. 

The quartz-porphyries seldom contain any accessory 
ingredients properly so called, and where .such do occur 
they are probably only of secondary origin, products of 
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nsformatlon, or new formation ; thus, for instance, pinite, 
e, lithomarge, chlorite, pinguite, pyrites, and specular 
n. But in veins or in clefts, nests or concretions in 
J rock, many minerals are frequently found, such for 
tance as quartz, hornstone, chalcedony, agate, opal, 
lomarge, calc-spar, brown-spar, fluor-spar, barytes, 
jcular iron, and dendritic pencillings of oxides of iron 
1 manganese — all which appear to be secondary for- 
tions caused by secretion from the rock's mass, or by 
Itrated solutions. 

The porphyritic texture of the rock is sometimes united 
:h a fissile or fine laminated structure (riband-porphyry, 
id-porphyry) ; also sometimes with geodic structure 
illstone-porphyry),or else with spotted texture — or there 
dispersed through the rock's mass smaller or larger 
dte balls (pyromeride). 

Varieties in Texture, 
I Common Quaktz-porphyby. \ with compact matrix and 

Po^H^Q^^A^^SZS^-Mi^rck)} crystalsoff^lsparandquartz. 
(rt) Horndone-porphyry (Homsteinporphyr, Germ.-j Elvan, 

IV.), 
(/i3) Felstone-porphyry (Feldsteinporphyr, Gemi, ) P^trosilex, 

Fr,), 
(>) Clay stone-porphyry or ArgiUophry (Thonsteinporphyr 
oder Thonporphyr, Genn. ; Argilophyre, Fr,). 

All frequent, in the Thuringian Forest and neair 

Meissen, and near Tharand in Saxonv. 

I Striped Porphyry (Slaty j Composed of thin layers of 

Porphyry). I somewhat dissimilar texture or 

scHiEFRiGERPoRPHYR,scHALEN-r colouF 1 hcnce the fiacture ap- 

oder BANDPom>HYR. iGerm.)\ ^^^«„ A v„ r.*.^^^A M^^^ « «;k««^ 

PfrTRosiLEx RUBANfi. {Fr.) J P^ars to hc stnped like a nband, 

and the rock splits more easily 

in the direction of the layers than straight across. The layers 

are often much bent and twisted. Mohom near Freiberg; 

Winterstein in the Thuringian Forest, Wachenberg in the Oden- 

wald. 

) Spotted Porphyry. I Contains worm -shaped spots of dif- 

FtBCKENPORPHYR. (Germ.) > ferent colour and texture from the 

matrix. This variety has also been called Kattun-porphyry. 

Leukersdorf near Chemnitz, Saxony. 

) PoROTTS, Cavernous, or ] A rock penetrated by numerous 

MiLLSTOio: Porphyry. f small irregular cavities or geodes, 

PoRosER, DRusiQER, Oder MtjHL- [ "which are seldom vesicular, more 

^TEiNPORPHYR. (Germ.) j ^^^jjy ^^^ ^g^j^ ^f weathering. 

Tannebergsthal in the Erzgebirge, Regenberg near Frie- 
drichsroda, in the Thuringian Forest, where it is combined with 
pyromeride. 
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(e) Pykomeride (Ball-porphyky). 

KuoKLPORPUYK oder Fyromerid. 

{Germ.) 
PyromIeridk, Monteiro, (Fr,) 



(J) Porphyry with 
FEW Crystals. 

Krtstallarmbr For- 
PHYR. {Gtrm.) 



This rock in addition to the 
usual quartz crystals, contains 
halls of felsite (either small 
and numerous, or large and 
isolated. The small halls are frequently marked internally 
with radial streaks. The interiors of the larger ones are usually 
split after the manner of septaria, or they contain a geodic 
cavity. The clefts or cavities in the halls are wholly or 
partly filled with homstone, chalcedony, agate, quartz, ame- 
thyst, calc-spar, fluor-spar, micaceous iron, &c. These balls, as 
we have already mentioned, frequently occur in combination 
with a geodic structure of the matrix. Regenberg and Schnee- 
kopf in the Thuringian Forest, the island of Corsica. 

"^ ^ Forms a transition into felsite rock 

(petrosilex) or into porphyrite. The 
matrix alone, without crystals, is some- 
times found towards the outer margin of 
masses of very distinct quartz-porphyries — ^thus e.g. at the 
Weissritz, close above Dippoldiswalde in Saxony. The Frei- 
berg porphyry dykes are also mostly very poor in crystals of 
felspar and quartz, but they often contain, in their stead, small 
cubic crystals of pyrites. 

Varieties in Composition, 

(jff) Orthoclase-quartz-porphyry. )With orthoclase and quartz 
Orthoklas-quarzporphyr. (Germ.) j crystals only — very frequent. 

(A) Oligoclase-quartz-porphyry. ] The rock contains crystals of 
OLIGOKLA8.QUARZPORPHYR. (Germ.) \ oligoclase ui additlou to the 
orthoclase and the quartz. The oligoclase is distinguishable by 
its twin stripinge, its difierent colour, or more advanced decom- 
position. Under this head we include, for instance, the brown 
porphyry of Manebach, • in the Thuringian Forest, with its 
distinct orthoclase twin crystals of an inch long, containing, in 
addition to these, numerous smaller crystals of oligoclase, much 
decomposed. Frequently the oligoclase is transformed into a 
yellowish-green substance resembling steatite. Hermsdorf and 
Schonfeld in the Erzgebirge. 

Von Richthofen discovered certain porphvries at the Trost- 
burg and Monte Bocche, near Botzen in Tyrol, which, in addition 
to their quartz, only contain crystals of oligoclase, and (usually) 
some black mica, m a dark matrix. In the same neighbour- 
hood some porphyries contain quartz and orthoclase alone 
(at Bronzell and Pelegrin) ; others quartz, orthoclase, and some 
oligoclase (Castelruth, Blumau, Hoch-Eppen). Perhaps the 
beautiful brown porphyries of Lehnau near Kemnath, and of 
Kronberg near Erbendorf, are rocks containing oligoclase only. 
Their felspar crystals are all decomposed, although the matnx 
is unusuaUy fresh. 

(i) Santdine-qfartz-porphyry. \ Is a name given by Jenzsch to & 

Sanidin-quarzporphyr. (Germ.) \ variety occurring at Zwickau in. 

Saxony, containing sanidine and quartz. To the west of Oederan. 
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near Freiberg, there occurs a porphyry containing crystals of 
orthoclase, sanidine^ and quartz. 

It would be impossible to instance here all local differences, 
many of which only result from transmutation, or are to be re- 
garded but as accessory phenomena. Of this kind is the change of 
the felspar crystals into a greenish substance resembling steatite, 
occurring in a quartz-porphyry rock at theRaubschlosschen, near 
Weinheim. Again, in a porphyry of Manebach, near Ilmenau, 
rich in orthoclase, all the quartz crystals are encrusted with a 
greenish-blue coating, probably containing copper ; and in the 
gold-containing porphyry of Csetatye in Transylvania, the 
large diplohedrons of quartz are very much rounded off, and the 
matrix very rich in quartz, &c. 

Quartz-porphyries are usually much rent by fissures, 
but sometimes are* found of very regular columnar or 
of tabular-jointed structure. They are probably never 
gnarled or irregularly spherical. They sometimes occupy 
connected regions of great extent, but in that case are by 
no means of uniform structure, consisting usually of many 
diflFerent varieties which penetrate and traverse each other 
in all directions, as in the Thuringian Forest, and near 
Botzen. They sometimes again form isolated dykes in 
granite, gneiss, &c., as near Freiberg. It is very rarely 
that liiey are found to have penetrated any more recent 
formations than the Devonian or Silurian. In Walden- 
burg in Silesia, however, they traverse the coal formations, 
and in the Thuringian Forest the Rothliegende, but these 
are exceptional cases. Their comportment in this respect 
is similar to that of granite, and with the difference of 
their containing throughout a somewhat higher proportion 
of silica, they would appear to represent but the porphy- 
ritic state of that rock, since they actuaUy contain the 
elements of mica in small quantity. The compact state 
of their principal mass may to some extent be owing to 
their greater quantity of silica, but in all probability chiefly 
to their having originally cooled down more rapidly than 
granite, as is more especially likely to have been the case 
with the frequent isolated dykes and small masses of this 
rock. Quartz-porphyry as a rule, when found with granite, 
is more recent than the latter, bearing much the same 
relation to it as the trachyte-porphyries to the trachytes. 
Thus in Cornwall we find the quartz-porphyry or elvanite 
to have broken through the granite, and to form dykes or 
yeins in that rock. 
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Iteferences, 

G. Leonhardj Die quarzfuhrenden Porpbyre, 1861. 

Naumann in the 5th No. of the Ermuter. zur geogn. Karte 
von Sachsen, 1845. 

Laspeyres on careful microscopic examination of the quartz- 
porphyries of Halle found the compact base to consist of 
felspar, quartz, and some mica. The crystals of felspar, ac- 
cording to him, had originally been sanidine, and are only 
in part transmuted to orthoclase. Zeitschr. d. deut. geoL 
Ges. vol. xvi. p. 367. 

DdessBf Porphyry from Lescines in Belgium, Bullet, de la Soc. 
G^ol. 1850 [2l vol. vii. p. 310. 

Jenzsch^ on Sanidine-quartz-porphyry, Zeitschr. d. d. geol. Ges. 
1858, p. 49. 

V. Richthofen in the Zeitschr. d. d. geol. Ges. 1826, vol. viii. 
p. 644; V. L. u. Br. Jahrb. 1859, p. 312; and geogn. Beschr. 
von Sud-Tyrol, 1860, p. 112. 

Hochmuthj the Porphyries of Halle in the Bergwerksfreund, 
1847, vol. xi. p. 460. 

Streng in v. L. u. Br. Jahrb. 1860, pp. 129 and 257. 

H. Vogelsang on the Pvromerides of Corsica (Berggeist), 1862, 
Nos. 90 and 19 ; Jalirb. fiir Mineralogie, 1863, p. 102. 

19. FELSTONE, FELSITE-ROCK AND FEL- 
SITE-SCHIST, PETROSILEX/EURITE, JIAL- 
LEFLINTA. 

Felsttfels tjnd Felsitschiefer. {Germ.) 
A rock of compact texture, about the hardness of felspar, 
with dull or smooth conchoidal or fissile fracture ; 
colour yellowish, reddish, grey, greenish, or bluish, 
weathering white. 

Spec, grav.^ 2-5— 2-7 

Contains silica .... 71 — 81 p. c. 

Gerhard was the first to discover that this rock, which 
we have already noticed as being identical with the ma- 
trix of the quartz-porphyries, consists chiefly of felspar, 
and he accordingly gave it the name of felsite. Some 
years later, Dolomieu surmised that it contained the 
essential ingredients of granite in a compact state, and 

* Tbe name of petrosilex was first proposed by Brongniart, who 
applied it to felsite rocks, believing them to be identical with horn- 
stone. The name has stuck to these rocks in spite of the original 
error, and cannot well now be ignored. Some authors, wishing pro- 
bably to correct the original misconception, have, however, applied 
the iaame of petrosilex to homstone, but this is simply to create un- 
necessary confusion — ^better drop the name altogether. — Translatob. 
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Daubisson proved it to consist of an intimate compound 
of felspar and quartz, and gave it the name eurite on ac- 
count of its fusibility. The same substance has also re- 
ceived the names of petrosilex, and in Scandinavia hdlle- 
fiinta^ which are of earlier date than the names of felsite 
and felstone. All the later analyses of this rock have 
confirmed the fact that it contains both felspar and quartz, 
and besides these the elementary ingredients of some mica. 

In 1845, Durocher showed, by comparing the various 
analyses, that felstone, or petrosilex, is of the average 
chemical composition of granite, even quantitatively ; and 
it may therefore be regarded as a granite in compact 
state, something in the same way as basalt and aphanite 
respectively represent the compact states of the dolerites 
and the granular greenstones. Now, this fact is of im- 
portance with respect to the process of granite forma- 
tions, since we know that felsite rock, although it contains 
quartz, is as easily fusible as felspar alone. For we gather 
from it that the quartz of granite, when in combination 
with its other ingredients, might remain in a fluid state 
quite as long as the felspar and mica, so that the process 
of crystallisation of all might be contemporaneous, and it 
would then depend on the individual crystallizing force 
of each, which mineral would first develop its form. 
Quartz-porphyry, granitic-porphyry, and granite, with all 
their several varieties, are therefore products of essentially 
the same mineral dough, and probably they only differ by 
reason of slower or more rapid cooling or slight variations 
in the proportion of the several ingredients. That this 
igneous compound has most usually resulted in granite, 
especially in great connected regions of its development, 
probably proceeds from the fact of deep plutonic solidifi- 
cation ; or we may reverse the proposition and say, that 
wherever this igneous mass attained the solid state deep 
in the interior of the earth, granite, or a granitic rock, 
has been the result ; on the other hand, when it became 
solid at or nearer to the earth's surface, then trachyte 
(rhyolite) and trachytic lavas were its products. 

Felstone may be divided into two principal varieties, 
the massive and the schistose. It goes over on the one 
hand very frequently into quartz-porphyry, or less usu- 
ally into granitic porphyry ; and on the other, it is con- 



Petrosilbx. 

Petrosilkx. (Germ.) 
P6TROSILEX, Dolomieu, 
iFr.) 



(h) Wernerite Rock. 

Werneritfels. iOerm,) 
Skapolit-pels. {Fr.) 



222 ACIDIC IGNEOUS ROCKS. (2) PLUTONIC. 

nected by stages of transition with granulite and gneiss. 
The rock called Wernerite we reckon to the first of these 
two divisions : it has the character of an eruptive rock, 
whilst the foliated varieties of felsite are more closely 
connected with the metamorphic crystalline schists^ and 
may be regarded as compact granulite or gneiss. 

Varieties, 

(a) Felstone Proper, or] Not fissile, usually of massive jointed 

^ structure, or very much divided by 

clefts and fissures. It is frequently 

found continuous with porphyry, but 

sometimes forming independent dykes 

in the same way as porphyry. Dippoldiswalde in Saxony, 

Bellmannsloos, near Tharand. 

~ Is the name given by Jasche to a 

compact compound of common felspar 
and scapolite (wernerite), with acces- 
sory admixtures of graphite, magnetic pyrites, and iron pyrites. 
It traverses the ironstone beds of Buchenberg at the Hartz. 
A similar rock, according to Axel Gadolin, occurs on the island 
of Pusu in the Ladoga Lake. 
(c) Halleflinta, or Felsfte-schist.] Foliated or unevenly lami- 
Hallepunta, Oder Felsitschikpbr. nated. Sometimes contains 
HAiiSS^A. (Fr.) an admixture of chlorite in- 

-' timately blended in its mass, 
and occasionally some mica. This rock is almost always found 
in parallel bedding with granulite or gneiss, into which it 
goes over by transition states. It is most frequently found in 
Sweden, and therefore, for the most part, should be con- 
sidered as belonging to the metamorphic schistous rocks, but it 
is not always possible distinctly to separate its different forms 
of development according to origin. 

The schistous as well as the massive varieties of felstone are 
very frequent among some of the older formations in the British 
Islands, making up whole mountain masses. 

It is most probable that the felsitic matrix of the quartz- 
containing porphyries of the granite group, is somewhat 
different in composition from that of the porphyrites which 
are free from quartz. The former will always contain 
more silica than that of the porphyrite, and its felsitic 
constituent will partake of the nature of orthoclase. This 
is our petrosilex. To outward appearance this difference 
is often scarcely appreciable, although the matrix of the 
porphyrites is usually (not always) darker in colour than 
that of the quartz-porphyries and granitic porphyries. 



GEANITIC GROUP. 223 

IRjeferences, 

Gerhard, Abhandl. d. k. Akad. d. Wissenscb. zn Berlin, 1814 

and 1816, p. 12. 
Davhuisson, Traits de G^ognosie, let ed. 1819, vol. i. p. 112. 
Ihtrocher, Compt. rend. 1845, vol. xx. p. 1277. 
SchiceitzeTj in Poggend. Ann. 1840, vol. li. p. 287. 
Kersteuj in Poggend. Ann. 1843, vol. liii. p. 130. 
Wolff Joum. f. prakt. Chemie, vol. xxxiv. p. 193, and vol. 

xxxvi. p. 412. 
Svanherg, Vet. Akad. Handl. 1850, p. 9. 
Haughtim, Joum. of the Geol. Soc. of Dublin, 1857, [7] p. 283; 

and Phil. Mag. 1857, [4] vol. xiv. j). 49. 
Jasche, on Wernerite rock, Mineralogische Studien, 1838, p. 4. 
A. GadoUny on Wernerite rock, in the Verb. d. k. Kuss. mineral. 

Ges. at St. Petersburg, 1867-58, p. 85. 

}. PITCHSTONE and PITCHSTONE-POR- 
PHYRY. 

Pechstein und Pechsteinporphtb. (Gemi,) 
REUNITE. (Fr.) 

The principal mass is homogeneous ; of vitreous pitch- 
like appearance; conchoidal fracture ; resinous lustre^ 
translucent at the edges ; very variously coloured, viz,, 
yellow, red, brotcn, black, and green; it sometimes 
encloses (^porphyritically) small crystals of vitreous 
felspar, grains of quartz, and lamincB of mica ; fre- 
quently also balls offelsite. 

Spec, grav 2-2— 2-3 

Contains silica ..... 63 — 75 p. c. 

Pitchstone is evidently to be regarded only as a vitre- 
us state of felsite rock, quartz-porphyry, or granite — its 
bemical composition being essentially the same as that of 
[lese rocks, except that it contains more water than they, 
3metimes as much as 6 p. c. This may be one cause 
f its vitreous state. Its colour is dependent on the rela- 
ive proportions which it contains of the peroxide or the 
rotoxide of iron and protoxide of manganese. The first 
f these gives the rock a red or yellow colour, the latter 
reen, grey, and black. In spite of its large proportion 
f silica, thin splinters of pitchstone melt easily before 
le blowpipe to a white vesicular glass without intumes- 
3nce. Formerly pitchstone was regarded as an inde- 
endent mineral, but it is clearly nothing but a close 
impound of felspar and quartz, with which the elements 
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of mica are also combined. Recently it has been even 
doubted whether this compound is really an amorphous 
vitreous mass, or only a very intimately blended crystal- 
line aggregate. It may be that this opinion has arisen 
from some few fine crystalline particles which swim in the 
prevailing vitreous mass. 

Crystals of sanidine are sometimes found porphyritically 
imbedded in the rock ; they are small, but usually quite 
fresli, and are frequently coated with a thin light-red 
crust, evidently caused by oxide of iron ; grains of quartz 
and laminae of mica are also found, but more rarely, and 
are often similarly coated. Instead of these crystals, or 
in addition to them, there also very frequently occur 
nodules or balls of felsite, very various in size and struc- 
ture. In the pitchstone-porphyry at Spechtshausen, near 
Tharand in Saxony, such are found varying from one-tenth 
of an inch to six inches diameter, consisting of compact 
felsite, and some of the very small balls of shining sani- 
dine. The larger ones occasionally contain veins of chal- 
cedony in their interior ; the grey pitchstone of Planitz, 
near Zwickau, contains balls of from one to five inches 
diameter veined inside in the manner of septaria, the 
veins narrowing towards the periphery and filled with 
chalcedony and quartz. At the Fichtenmiihle, near 
Meissen, a yellowish-brown pitchstone contains irregular 
nodules, whose size extends even to ten feet diameter, 
consisting of quartz-porphyry, with a matrix resembUng 
hornstone. It would almost seem as if these were frag- 
ments torn from the adjoining quartz-porphyry (which is 
here traversed and disturbed by the pitchstone) and then 
rounded off in the convulsion. Near Corbitz, in the 
neighbourhood of Meissen, there is a pitchstone rock very 
much weathered, containing nodules from a quarter to 
three feet diameter ; these nodules consist of a compact 
felsitic mass, which itself contains other more compact and 
dark-coloured ball-shaped concretions of the same sub- 
stance. Similar phenomena with many modifications re- 
peatedly occur in the pitchstone of other localities. These 
nodules appear to answer to those in the pearlstone (sphe- 
rulites), which are smaller in size ; they are frequently 
coated with a deep-red crust or their surfaces much 
weathered. 



(a) Common Pitchstone. 

Gemeinbr Fechstein. (Oerm.) 
RfinNITK LTTHOltDS. (Fr.) 
(h) PlTCHSTONE-PoRPHYKY. 

PBCHariBiNPORPHTR. (Gemu) 

BftnNim PORPHYROlDB. (Fr,) 
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The pitchstone of Planitz in Saxony is found to contain 
in some places small fragments of (so-called) mineral 
eliarcoal (a coal of woody texture without bitumen, and 
containing much silica) which indicate that the pitchstone 
has broken through the coal formation of that district. 

Scarcely any other minerals than those we have named 
are known to be similarly enclosed in pitchstone. 

This rock passes over into obsidian and pearlstone. 
By decomposition it becomes a kind of claystone rock, 
which variety Naumann called Pechthonstein (pitch-clay- 
stone). 

Varieties in Texture. 

Very variously coloured. Ex.g. 
Triebisch Thai, near Meissen. 
With sanidine crystals. Mohom 
and Spechtshausen, between Frei- 
berg and Dresden. 
A rock of this description is met with at Castelruth in 
Southern Tyrol ; it contains a felspar resembling sanidine and 
round grains of quartz, and v. Richthofen describes it as a 
quartz-porphyry, 
(e) Akgillaceotjs PItchstone. ] The Pitch-claystone of Nau- 
PBCHTHONerrEHf, Naumann. {Germ.) L mann, a staffe of decompo- 
ABaiix)Bim.nTE. (Fr.) J gj^j^^' ^^^ Infrequent near 

Meissen. 
Pitchstone is for the most part of irregular massive 
structure. It usually occurs associated with quartz-por- 
phyries, and traverses them in dykes ; probably, however, 
its geological age is not very different from that of the 
quartz-porphyries, and it would seem to bear somewhat 
the same relation to the porphyries as perlite and obsidian 
to the trachyte porphyries. 

The vitreous state of pitchstone is somewhat enigma- 
tical, inasmuch as that rock usually occurs with rocks of 
decidedly plutonic origin, and moreover contains a large 
proportion of water : Bischof and Jenzsch consider the 
glassy texture to be the consequence of transmutation by 
aqueous process, and only to be apparently vitreous, 
But it is very possible that under special circumstances in 
the interior of the earth, eruptive igneous masses may 
have cooled very rapidly, perhaps in consequence of the 
Budden accession of a large quantity of water, and so 
have become converted into a vitreous state containing 
Water. 

Q 
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Knox diflcoTered a bituminoiu substance in pitclistone. 
Transact, of the Geol. Soc. 1811, yoL 1. p. 278, and Ann. d. 
Phys. et Chem. 1823, voL xxii. p. 44, 

Ntcker de Saussure, Voyages en £cosse et aux lies Hebrides, 
vol. ii. p. 455. The pitchstone of the Hebrides exhibits 
under the lens a fine granular texture resembling basalt. 

MaccuUochj Bescr. of the Western Islands, yoL i. p. 520, on 
the pitchstone of the Hebrides. 

tt. Oeynhausm and v, Decken, on the Pitchstone of the He- 
brides, in Earsten's Archiy. yol. i. p. 50. 

Houghton concludes from his analysb of pitchstone, that it con- 
sists of a combination of about 62 felspar, 80 stibite, and 
7 quartz. 

Naumann, on Pitchstone and Pitch-claystone from Meissen, in 
the Erlauter. zur. geogn. Karte y. Sachsen, 1844, No. 6, 
p. 184 

OMa, on the Pitchstone of Meissen and Tharand, Geognostidie 
Wanderungen, 1836, yol. i. pp. 40 and 104 

Scheerer, Analysen u. Folgerungen in the Art Pechstein in 
Liebig's Handworterbuch der Chemie, 1854, yol. yL p. 106, 
and in y. L. u. Br. Jahrbuch, 1855, p. 60. 

Jenzsch considers pitchstone to be fine cnrstaUine^ and a pro- 
duct of transmutation and the balls of felsite m it, for re- 
mains of porphyry not yet transformed. Zeitsch. d. d. geoL 
Ges. 1866, p. 257. 

jRentz8chy Die Pechsteine, 1860. 

H. Fischer, on Pitchstone and Pearlstone,Zeitschr. derdeutsch. 
geol. Ges. 1862, yol. xiy. p. 312. 
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CHAPTER IL 

METAMOBPHIG CRYSTALLINE SCHISTS. 

The term Metamorphic as applied to these rocks implies 
that they are the product of the metamorphosis of rocks 
originally sedimentary, and, although several gneiss rocks 
may have had another origin, they cannot be lithologically 
separated from those of undoubted metamorphic character. 

The designation of Crystalline Schist on the other hand 
rests solely on petrographical characteristics. 

The mineral composition of these rocks most resembles 
that of the plutonic division of the acidic igneous rocks, 
le. they consist (like those) chiefly of compounds of fel- 
spar, quartz, mica, talc, chlorite, and hornblende, and do 
not essentially contain pyroxene. We might indeed have 
anticipated the resemblance of the metamorphic rocks to 
the plutonic rather than the volcanic division of igneous 
rocks (whether basic or acidic) as their transmutation 
has probably taken place deep in the interior of the 
earth, therefore under plutonic influences ; and the fact 
that they contain more silica and less lime and magnesia 
on the average than the basic igneous rocks, is accounted 
for by the separate beds of carbonate of lime and magnesia 
(limestones and dolomites) which interlie the metamorphic 
rocks, whence we should expect to find the last mentioned 
rocks somewhat deficient in those bases. But we shall 
find that some of the crystalline schists are in fact rich in 
lime and magnesia, and therefore are more allied to the 
basic rocks. Those of prevailing acidic character are 
principally ffranulite, gneiss, mica-schist^ quartz-schist, 
itacolumite and argillaceous mica-schist The basic on the 
other hand are : chlorite-schist, talc-schist, and hornblende- 
schist, and others. 

All the rocks of this class are to be distinguished from 
the igneous by their foliated texture, and yet more by 
tieir alternate bedding in parallel layers or strata, and the 

Q2 
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traces which they often very distinctly show of internal 
stratification. These phenomena it is true are sometimes 
exceptionally met with in the igneous rocks, but in them 
they are the reverse of characteristic ; their foliated tex- 
ture, when it occurs, is usually to be explained by local 
pressure, their stratification by successive overflows of 
fused matter; as a general rule the igneous rocks also 
differ very widely in the character of their bedding from 
the metamorphic schists. Nevertheless there are actual 
petrographic transitions between the two, and in some in- 
dividual cases where the nature of the bedding is not very 
distinctly marked it is diflScult to decide the character of a 
given rock. 

The properties which the crystalline schists have in 
common with the sedimentary rocks are stratification, 
fissile texture, and parallel alternating bedding ; on the. 
other hand the schists are wanting m organic remains 
(fossils) and in mechanical aggregates. In their com- 
position they differ from the sedimentary rocks by the 
crystalline state of their mineral ingredients. There is, 
however, no very definite boundary between the two ; on 
the contrary there are series of distinct transitions from 
one to the other just as we might expect to find if the 
crystalline were really as we suppose them to be, the 
offspring of the sedimentary rocks. We moreover find 
that the greater part of the sedimentary rocks, and espe- 
cially the older ones, are no longer in their original state 
but are somewhat changed, doubtless by the identical 
influences which at last have transmuted them into crys- 
talline rocks and which are probably still in operation, 
viz. heat and pressure. 

The term Metamorphic, however, is in practice only 
applied to the extreme products of this slow process of 
transmutation, such as by assuming a crystalline state 
have entirely departed from that of their original deposit, 
although their connection with it may still be traced through 
stages of transition. This is simply a matter of usage, for 
looking to the meaning of the term, we might just as well 
call every clay-slate or firm sandstone metamorphic 
(transmuted) since they were not originally formed in the 
state in which we find them at the present day. 

For these and other reasons it is diflScult to prescribe 
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a definite and consistent limit to metamorphic rocks, 
rrom a geological point of view we ought to include 
in that term most granular limestone, serpentine, gra- 
phite, magnetic iron-ore, &c., and reject many kinds of 
gneiss and granulite as being irruptive ; but in a system 
of lithology this treatment, however logically correct, 
would lead to so many inconveniences and difficulties as to 
render it impossible in practice. 

For these reasons we have not made use of the general 
designation Metamorphic rocks as the title for this 
chapter, but chosen the more restricted term of Metamor- 
phic crystalline schists. These for the most part are 
compounds rich in silica, which in their chemical com- 
position approach Bunsen's formula for the normal 
trachytic rocks. Some few, however, are poor in silica 
and resemble the basic igneous rocks in composition. 
We do not propose to divide the metamorphic schists into 
basic and acidic groups ; we prefer to group them accord- 
ing to their leading mineral ingredients without attempting 
a strict scientific arrangement, except that we begin with 
those which in their mineral character bear the greatest 
resemblance to the granite rocks and place those last 
which approach most in character to the unchanged 
sedimentary rocks. 

CRYSTALLINE SCHISTS, RICH IN FELSPAR. 
(Granulite and Gneiss.) 

21. GKANULITE, LEPTYNITE. 

Gbanfltt, Weissstein. {Germ,) 
Lepttnite, Haiiy. (Fr.) 

A fine-grained to compact fissile compound of felspar and 
quartz^ usually with some mica. 

Spec, ^av 2-6— 2-7 

Contains silica .... 70 — 80 p. c. 

This rock, on account of its frequent white or light- 
yellowish colour, was formerly called weissstein (white 
stone) ; but as the same mineral compound also occurs of 
a dark colour, Weiss proposed to substitute the name of 
granulite, which has now been generally adopted. Its 
mineral composition is for the most part that of a granite 
or gneiss (a red gneiss), with very little mica. Its cha- 
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racteristic varieties are nevertheless easily to be disian- 
guished from granite and gneiss, as will appear from a 
more special description of the rock. Interm^iate grades 
of uncertain character and transitions are, however, 
frequent, and if these occur in the midst of gneiss or 
granite, we reckon them without hesitation, to those rocks, 
and call them granulitic gneiss, or granulitic granite ; but 
if found in granulitic regions the same rocks would be 
properly termed gneissic granulite, and reckoned to the 
granulites. 

The felspar of granulite is mostly orthoclase ; some- 
times, however, in part oligoclase. It is intimately 
blended with the quartz, which is less in quantity, 
or at all events is less apparent, than in granite or 
gneiss. The free quartz forms few and very thin sepa- 
rate layers, or flat lenticular grains, which are to be most 
distinctly seen when the rock is weathered. The mica 
appears in small scattered laminse, disposed in parallel 
planes, or if sometimes found connected, scaly seams en- 
tirely dividing the rock, which otherwise is an intimate 
compound of felspar and quartz. In both cases the mica 
increases the fissile texture of the rock. It is usually a 
white variety of mica — seldom black. The felspar, which 
is always predominant, is usually white, yellowish, or 
light-red ; and these are, therefore, the prevailing colours 
of the rock. The quartz is never d^k-coloured, seldom 
transparent, and usually white. In a section of the rock 
the seams of mica sometimes produce riband stripings of 
dark colour. There are, however, varieties of granulite 
in which the whole mass is of a blackish-green to almost 
quite black colour (owing perhaps to protoxide of iron); 
for these the old name of weissstein is inappropriate. 

We repeat, then, that the essential constituents of the 
rock are its felspar and quartz, and a small proportion of 
mica. In addition to these, red garnets often appear 
disseminated through the mass in small grains or crystals ; 
where little or no mica is present, then these garnets are 
especially frequent, and this is the most characteristic 
composition of granulite. Where much mica is found, the 
garnets appear to fail, and varieties of this latter kind 
form the transitions into gneiss. Another characteristic 
accessory ingredient of granulite, though but sparingly 
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distributed, is blue disthene (kyanite). Schorl and horn- 
blende also occur, but more locally. 

This rock forms transitions into granite by assuming a 
more distinctly granular, and less fissile texture, into 
gneiss, by the increase of its mica, and into felsite-schist, 
when its mica disappears and the mass becomes quite 
compact. 



Varieties in Texture. 

Germ.) [ 
T.) J 



(o) Common Gbanulitb. ) WWtej yeUowisli, or flesh-red, 

Gemeinbb Granulit. (Germ.) I with httle or no mica^ contains 
LBPTTNiTB coMMUH. (Fr.) j g^j^jj gamots, ond frequently 

some disthene. It is more laminated than properly speaking 
foliated or slaty. Kosswein in Saxcm^. 

(b) RiBAKD-STRiPBD Granulitb. ) Striped by parallel aeams of 

Bandbtrbifiobr Granuut. iGfrm.) I mica, interlying the main 
Lkpttnttb BUKAN4. {Fr.) j ^^^ ^f felspar and quartz. 

On the Zschopau between Sachsenburg and Schonbom in 

Saxony. 

(c) Micaceous Granulitb orGirEiss-GBAWULiTB.) with few or no 

Olimmerbsichkr Oder GxsissaBAinTLiT. iOerm.) I garnets. Mitt- 
Lbptyotts mcAcft. (Fr.) J weidain Saxony. 

(d) Gbanitic Gbanulitb. ] More granular than fissile. This 

GRANiTOBAinTLiT. (Germ.) . variety passes into a kind of g^ranite 
LKPTYNTTK GRKNu. (Fr.) J ^y^^y^ contsins Uttle mica, and where 
it occurs in the form of dykes or veins, it may be considered 
as a granite. Neighbourhood of Hermhut in Saxony. 

(*> ^"^S^if^^. ^Oen^A I^^ably «,lo«red by protoxide 
lkpttnitb noir. (Fr.) J of iron, Penig in Saxony. 

(/) Spotted Gbanulitb. \ With dark spots caused by hom- 

Gkflbcktkr odCT FoRKLUEN- f blende. Glocknitzer Schlossberg, 

GRANuizr. (Germ.) ) Wiener Neustadt. ^ 

(y) ScHOBLACEOUs Gbanulitb. ) With considerable quantity 

TouRMALiNGRANULrr. (Cerm.) L of gchorl in its composition. 

L«™nTKTouRMAmar.RK. (^.)| According to y. nXetter, 

it occurs near Erummau in Bohemia. 

Granulite is usually of very regular tabular-jointed 
structure, disposed parallel to the foliation or lamination 
of the rock; but besides this more or less horizontal 
jointing, it is also usually intersected at right angles by 
cross joints, somewhat crooked, but whose surfaces are 
smooth. This latter jointing is characteristic of granulite, 
which by its means may sometimes be distinguished from 
gneiss at a considerable distance. 

In Saxony, Bohemia, and Moravia, this rock fills con- 
siderable regions of elliptical shape, surrounded by other 
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crystalline schists. The granulite region of Mittweida 
in Saxony is surrounded and overlayed with mica-Bchist 
and dichroite-gneiss, of which latter it contains large frag- 
ments. It is also penetrated in all directions by numerous 
often very distinct, but narrow dykes or veins of granite. 
Naumann considers this region to be of eruptive origin. 
Metamorphic rocks may possibly in some cases have 
become eruptive here. 

Meferences. 

Engelbreckt, Kurze Beschreibung des Weisssteins, 1802. 
WeisSy Neue Schriften naturf. Freunde in Berlin, voL iv. 

p. 360. 
Hortiig^ Analysen des Kremser Granulits, in den Sitzungs- i 

berichten der k. k. Akademie zu Wien, 1861, voL vii. p. 686. 
V. Hochstetter, Granulit von Erummau, in Jabrb. d. ged. 

Reichsanst 1854, vol. v. p. 11, and the Corresp.-Bl. d. geoL 

mineral. Ver. zu Regensburg, 1863, p. 167. 
Naumann, in Erlauter. z. geogn. Karte v. Sacbsen, No. 1, 

p. 9, and 1838, No. 2, p. 19 ; Karsten's Arcbiv, 1832, voL t. 

p. 393, and Jabrb. d. geol. Reichsanst. 1866, p. 766. 
Zirkel, Granulit-analysen, in PoggendorflTs Annalen, vol. cixii. 

p. 624. 

22. GNEISS. 

Gneiss, Gneuss. (Gemi,) 
Gneiss. (Ft.) 

A crystalline^granular compound of quartz y felspar ^ and 
mica; texture foliated. 

Spec, grav 2-6— 27 

Contains silica 64 — 76 p. c. 

The mineral composition of gneiss is precisely the same 1 1 
as that of granite ; the only petrographic difference be- ^ 
tween the two rocks consists in the foliated texture of the 
former. We may, therefore, say that gneiss is the name 
given to schistose granite. The term gneiss originated 
vdth the Freiberg miners, who from ancient times have 
used it to designate the rock in which their veins of silver 
ore were found, and more especially such parts of the 
rock as were much decomposed. 

The felspar of gneiss is usually orthoclase, sometimes 
with oligoclase, and perhaps even albite. The orthoclase 
is white, grey, yellow, or reddish, and on fresh cleavage 
surfaces has mother-of-pearl lustre. Usually it occurs 
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3nly In small grains, sometimes larger crystals or lentil- 
shaped masses so called, swellings or eyes (Schwielen, 
Augen), with the regular twin growth peculiar to ortho- 
clase (porphyrltic gneiss, augen-gneiss). The ollgoclase 
which occurs with and subordinate to the orthoclase or 
(more rarely) as Its substitute may usually be recognised 
by Its twin strlplngs, more resinous lustre, or more 
advanced decomposition. 

The quartz forms small white or grey lentU-shaped 
grains or Irregular excrescences upon the felspar ; more- 
over It often appears In separate larger and Irregular 
masses. 

The mica Is usually potash-mica (more rarely magnesia- 
mica), brown, black, white, or dark-green ; and some- 
times In the same gneiss different coloured micas occur 
together. 

Gneiss occasionally contains accessory Ingredients of 
irarlous kinds, such as chlorite, talc, graphite, micaceous 
iron, dichrolte, garnet, tourmaline, andaluslte, pistaclte, 
zircon, disthene, rutUe, titanlte, pyrites, magnetic Iron- 
3re, &c. 

Sometimes one or other of these minerals Is abimdant, 
and assume the character of an essential Ingredient ; thus, 
for Instance, the prevalence of hornblende occasions a tran- 
sition from ordinary gneiss Into syenite-gneiss, the presence 
of chlorite or talc into protoglne-gneiss, &c. These 
dIflFerent varieties In composition are easy of recognition. 

It Is more difficult In many cases to recognise the 
perhaps more Important difference between the so-called 
^red' and ^grey' gneiss. It was formerly considered 
that all gneiss was of metamorphic origin, but It has of 
late years been established beyond a doubt that many 
kinds of gneiss are irruptlve, and some geologists have 
gone so far as to regard all gneiss as of Igneous origin. 

In the mining districts of the Erzgebirge it had been 
observed that the veins In the red varieties of gneiss were 
usually non-metalliferous, although within a short distance 
the same veins traversing grey gneiss were rich In ore. 

Previously to the year 1844, we ourselves had observed 
red gneiss of a distinctly eruptive character, forming veins 
in the grey gneiss, which latter Is the prevalent rock of 
the mining districts of the Erzgebirge; the result of 
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these observations we published in von Leonhard's 
Almanack. (Vide v. L. u. Br. Jahrb. 1844, p. 681.) 

Subsequently Professor Scheerer received a commission 
from the Saxon mining authorities, to analyse several 
kinds of gneiss, with a view to discover the cause of tibc 
superior richness of the metalliferous veins in the grey 
gneiss ; and he found amongst other chemical differences 
that the red gneiss usually, if not always, contained a 
considerably larger proportion of silica than the grey. 

Accordingly flie gneiss of the Erzgebirge came to be 
divided into two principal classes of distinct mineralogieal 
as well as chemical characters, termed respectively red 
gneiss and grey gneiss. 

The red gneiss is not, however, always to be easily dis- 
tinguished from the grey gneiss, as the colours of the two 
distinct classes do not in every case correspond with the 
names that have been given to them, and some so-called 
grey gneiss is of red colour, and vice versd ; and although 
in several instances the bedding of the red gneiss shows 
it to be of distinctly irruptive character, yet the bedding 
of both kinds of gneiss is frequently indistinct and un* 
certain, or might be capable of various interpretatioiis, 
and therefore would not alone serve the purposes of litho- 
logical distinction. The recognised and only reliable 
distinction consists in the proportion of silica, only to be 
arrived at by chemical analysis of the rotek. These con- 
siderations compel us, regardless of origin, to retain the 
usual classification for all gneissic rocks, and notwith- 
standing the irruptive character of some varieties, to treat 
them collectively in this place amongst the metamorphic 
rocks. 

We proceed to define these two principal classes of 
gneiss, and (to avoid attaching an undue importance to 
their mere colour) we propose the name of gneissite for 
the variety formerly known as the red gneiss : — 

A. Gneissite, or Red Gneiss. (Rother Gneiss oder 
Gneissit Germ.) — The felspar of the compound appears 
to be always orthoclase, and to be the predominant in* 
gredient. The mica is always white, or at all events not 
dark-coloured, not abundant in quantity, but usually 
scattered through the mass in thin straight laminas. 

The rock contains 74 — 76 per cent, of silica. 
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ccording to Scheerer,it is an acidic compound, a sesqui* 
jite. Its extreme varieties are easily to be recognised, 
may be better distinguished from the grey gneiss than 
ss from many varieties of granulite. Its felspar is 
tUy reddish, exceptionally, however, white or greyish. 
1 the Erzgebirge this gneissite is found in irregular 
is, and sometimes forming distinct dykes or veins in 
ordinary gneiss, of which it frequently encloses frag- 
ts. We may therefore say that there it comports 
f as an eruptive igneous rock towards the common 
8S, and geologically speaking should perhaps properly 
3nsidered a granite. But as its bedding is frequently 
itinct and the character of single specimens is often 
to be recognised with certainty, and as some kinds of 
ssite may very possibly be of metamorphic origin, we 
ot usefully separate it lithologically from every other 
ss by taking it out of the class of the crystalline schists. 
. Grey Gneiss. (Grauer Gneiss. Germ.) — The 
ar of the compound is principally orthoclase, some- 
8, however, with the orthoclase some oligoclase or 
e is associated. The mica is partly dark-coloured 
uginous and more basic than that of the gneissite), 
moreover abundant, whence the rock usually assumes 
rk or grey colour. 

he rock contains 64 — 67 per cent, of silica, 
ccording to Scheerer, it is a neutral silicate. The 
lal Freiberg variety is granular, scaly, and unevenly 
ted. The felspar is usually white or grey, but some- 
3 of a reddish colour. The mica is mostly dark- 
ired, but some white. Mica occasionally occurs in 
compound. Accordingly, the differences between 
5 two normal varieties (the gneissite and the grey 
3s) may be stated as follows : — 



Gneisaitey or Red Gneiss, 

itent of silica, 74 — 76 p. c. 
w — orthoclase only. 

— in small quantity and 
it-coloured. 

►ximate proportion of mineral 
ingredients, 
30 quartz 
60 felspar 
10 mica 



Ordinary, or Grey Gneiss. 

Content of silica, 64 — 67 p. c. 
Felspar — orthoclase and sometimes 

oligoclase. 
Mica — abundant and dark-coloured. 

Approximate proportion of mineral 
ingredients. 
25 quartz 
45 felspar 
80 mica 
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The mica (both of the gneissite and grey gneiss) usu- 
ally contains about 4 per cent water, and this water 
Scheerer regards as an original ingredient of the mineral 
entering into its chemical composition, as a base to the 
silicic acid. 

Besides these two extreme kinds of gneiss, it appears 
that many intermediate grades exist, which may be col- 
lectively designated as — 

C. Medium Gneiss. (Mittelgneiss, Germ.) — Gneiss 
containing an intermediate proportion of silica between 
that of the gneissite and the grey gneiss. The mineral 
character sometimes resembles the one and sometimes the 
other of those two extremes. 

Scheerer has endeavoured to show that, chemically 
speaking, this medium gneiss C forms an independent 
rock or variety, whose proportion of silica is constant be- 
tween 69 and 70 per cent., and that it therefore uniformly 
and essentially differs from the varieties A and B. (Vide 
Scheerer uber die Gneusse des Erzgebirges in the Zeit- 
schrift der deutschen geol. Ges. voL xiv. ; also published 
separately, Berlin, 1862.) 

Later analyses have, however, shown the existence of 
gneisses varying in their composition, and especially in 
the proportion of silica which they contain, as much from 
the normal medium gneiss as from the two extreme va- 
rieties of red and grey gneiss. Therefore we must guard 
ourselves against expecting any sharply defined chemical 
character in the different varieties which come under our 
notice. 

We must remember that it is only of late years that 
attention has been called to this subject, and with the 
utmost chemical industry but few analyses, comparatively 
speaking, have yet been made with the special object of 
distinguishing different species of gneiss. These analyses 
have chiefly been conducted at Freiberg, and mainly with 
a view to ascertain and discover whether any and what 
differences of rock coincide with the richness of metal- 
liferous veins in the Erzgebirge. It appears to be an 
established fact that the grey gneiss is more favourable 
for the yield of rich veins than the gneissite or red 
gneiss. 

This is a very interesting fact, which deserves the 
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ittention of geologists. At present we are not aware of 
iny thoroughly satisfactory explanation of it, unless we 
adopt Scheerer's theory that the iron of the mica in the 
grey gneiss is the cause of its advantage in this important 
respect. He has shewn that the mica is invariably decom- 
posed for some distance on each side of the metalliferous 
veins. 

The gneiss of the Erzgebirge is undoubtedly partly 
irruptive and partly metamorphic ; and we believe that 
its character in this respect must always be determined 
rather from observation of the bedding than from the 
chemical composition of each individual rock ; at all 
events, the analyses which have hitherto been made do 
not justify the conclusion that rocks of a definite propor- 
tion of silica are confined to any particular geological 
origin, or vice versa that rocks of the same geological 
origin are uniformly of one chemical character. 

It would, indeed, be somewhat remarkable if it were 
found that the collective elementary ingredients of a rock 
like gneiss, consisting of three separate minerals, were 
combined in such uniform proportions as to be capable 
of being expressed by a simple chemical formula ; we 
should rather expect that from a mass so constituted a 
homogeneous rather than a compound rock would have 
resulted. We are, however, ready to admit that the 
strangeness of a phenomenon to our preconceived ideas is 
TXO valid argument against its truth. 

In the present state of our chemical investigations, 
therefore, we can only seek approximately to range all 
known gneisses under one or other of the three heads we 
have named. If geologists in different parts of the world 
will assist in this work, there is room for hope that some 
general law may be discovered which shall advance the 
state of science with respect both to the origin of gneiss 
and the causes which have influenced the superior rich- 
ness of the metalliferous veins in some rocks to the 
exclusion of others. 

Independently of the division into gneissite^ grey gneiss 
and medium gneiss, which, however important geologi- 
cally, depends mainly on chemical, and only partly on 
mineralogical, differences, we have the following varieties 
in texture and composition. 
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Varieties in Texture. 

(a) Comfov Freiberg Gneiss. ] Belongs to the elaas of ^ 
frkibsroer NoRMAL03fB8B. {Gtrm.) l crneiss. The flakes or IsimiiB 
Gk™ oommuk ou normal, (/t.) J 5f ^j^ ^ distributed in 

parallel planes through the granular compound of felspar and 
quartz. The rock has often a folded or wavy texture. In the 
immediate neighbourhood of metalliferous Teins, nearFreiberg, 
it is impregnated with pyrites, sometimes with arsenical pviiteiy 
galena or blende, bj wliich latter its decompooitioii is 'much 
accelerated. 
(5) PoRPHTRiTic Gneiss. \ In the otherwise uniform sclus- 

AuoENONEim Oder Porphts- ■ tose tnnim there OCCUT at in- 

QN*™"»SSrtoi'^?, ) terrd.lMg•em^«l«pedcryrty. 

of orthoclase (usually they turn 

twin crystals, sometimes they are amorphous), round which 

the foliated texture bends itself wilh a wayy sweep. This is 

yery characteristically developed near Schwaitzenbeorg in the 

Erzgebirgef Redwitz m the fichtelgebirge. 

(c) Stanoel Gneiss, Coarsely Fibrous Gneiss. I The ingredients 

STANOSLONII8B odtf HoLzoKKiaB. (Germ.) ' are disposed in 

a fibrous manner towards one direction, so that a peculiar 

linear parallel conformation is produced. The stalks or fihies 

may consist of felspar and quartz, or of stripes of mica. In 

the extreme development of this texture a wood-like oonfop- 

mation is {produced, which almost supersedes the schistose 

texture. Lippersdorf, Lengefeld, Weissenbom, and Weig- 

mannsdorf, near Freiberg, Saxony, Sonnenbeig in Bohemia. 



(d) Vert pine Slaty Gneiss 
^ or Slate-gneiss. 

ScniEFERQNEiSB. {Oerm.) 



(f) Laoen Gneiss. 

Laoknonkiss. (Germ.) 
GNUSS RUBANt. (Fr.) 



All the mineral parts small; the 

numerous parallel flakes of mica 

occasion very distinct slaty texture. 

In the cleavage, njica alone is usually seen. 

(e) Very PINE-GRAINED, almost] With only indistinct foliated tex- 

coMPACT Gneiss. \ ture. Hadegrube, near Reiberg, 

Ginnss 1 grains fins. (Fr.) J Radebeig, near Dresden. 

'^ ' Quartz and felspar on the one hand, and 

the mica on the other, form thin parallel 
and mutually altematmg seams or layers, 
which, in the cross section, occasion a ribbon striping. 
(^) Granite-gneiss or Granitic Gneiss. ) With very 

Oranitoneisb Oder Granttabnlichkr Gneiss. (Oemu) i granular and 
only indistinctly foliated texture, forming a transition state 
between ^eiss and granite. Sageritz near Grossenhain, Boxdoif 
near Montzburg, Brambach in the Voigtland, Hofles near Eiger. 
Naumann has collected into one class, under the name d 
' CoRNUBiATES,* several exceptional varieties of gneiss, some 
compact, or of very indistinctly compound texture, others of 
contorted foliated texture. They occur variously, usually as 
contact formations at the margins of more recent igneous rocks* 
Saussure called them ' Palaiopetrb/ Boase ' Proteolio.' 
Properlv speaking they belong only geologically, and not je- 
trographically to gneiss, and they can only be classed as gneiss 
where their position and bedding give them that character. 



Sybnttgneiss. {Germ.) 
Gneiss amphibolique. {Ft,) 



{m) PBOTOGIWB-GinEISS. 

Pbotooinoneiss. (Oerm.) 
Gneiss TALQXTEUX. {Fr.) 
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Varieties in Composition. 

(h) GsAKTTUTE-ONBiss. ) With very little mica, and fliat usually 
Gbanxtlitomeiss. {Germ.) ) white. Felspar predominates, and is 
often intimately combined with quartz. Always belongs to 
the gneissite or red gneiss. Grosswaltersdorf near Freiberg, 
Lauterbach near Marienberg, Mautem near Molk, Poppenreut 
near Munchberg. Hochberg near Eger; — and a variety with 
darh-coloured mica, Fahmleiten, near the Schneeberg, in the 
Rchtelgebirge. 
(0 Micaceous Gneiss. ^ Forming a transition state into mica- 
GLIHMERONEI88. ((7mn.) ; schist, wlth much mica, chiefly dark- 
coloured, and little felspar ; usually of a fine foliated texture. 
Near Rabenau and Dippoldiswalde in Saxony, where it occurs 
between strata of ordmary gneiss ; also, in like manner, at 
Gastein in the Alps, 
(ifc) Gneiss very rich in Quartz, and going over into a kind of 

quartz-schist. 
(0 Stenitic Gneiss. ] With characteristic admixture of horn- 

blende. Neighbourhood of Aschaffen- 
burg, Salzburg Alps, G«freee in the 
Fichtelgebirge. 
With chlorite or talc instead of mica. 
Oberhasli and Mont Blanc in the Alps. 
At the Goldberg near Bemek, in tne 
Fichtelgebirge, a somewhat indistinct protogine-gneiss encloses 
fragments of clay-slate, and from this would appear to be of 
igneous (irruptive) character. 
(«) Adularia-gneiss. 1 With adularia in the place of the usual 
adulargneiss. {Germ.) \ orthoclase. Very widely spread in the 
Alps, e.g. St. Gotthard. 
(o) Oligoolase-gneiss. I With oligoclase in the place of ortho- 
OuGOKLAsoNEiss. {Germ.) ] clase. According to v. Hochstetter, the 
lofty Adam's Peak of Ceylon (7,000 ft.) consists of this rock. 
It contains many garnets, and is found in alternate layers with 
syenite-gneiss, granulite-gneiss, granulite, and hornblende-slate. 
(/?) Gneiss with two kinds of Mica, white and black, occurs very 
frequently. Seerenbach near Tharand, Lauenstein in the Erz- 
gebirge, oteingnin near Eger. 

With dichroite in the place of mica. 
Found in the margin of the Saxon 
granulite region. £. g. near Wech- 
selburg. 
(r) Micaceous Iron Gneiss. ) With micaceous iron instead of com- 
EisENGiJMMERGNEias. {Germ.) \ mon mica. In the southern Fichtel- 
gebirge. 
(«) Graphite-gneiss. ) With graphite in the place of the mica. 
GRAPHrraNEiss. {Germ.) \ Near Passau, on the Danube. 

Is a name given by Simler to a schistose com- 

Sound of quartz, felspar (oligoclase), and a 
aky green mineral, probably belonging to the 
mica species, but certainly not chlorite or talc (iiber die Petro- 
geneseS; Berne, 1862). very frequent in the Alps. 



{q) DiCHROITB-GNEISS. 

DiCHRorroNEiss. {Germ.) 
Gneiss AYso DicHBoiTB. {Fr.) 



if) AXPINITE. 

Aif INIT, Simler. 
{Germ,) 
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The above are the principal varieties of this very im- 
portant rock ; it would neither be possible nor desirable 
to enumerate every modification of differing texture and 
composition. 

Gneiss, in addition to those of its accessory ingredients 
which have been already mentioned, sometimes contains 
irregular concretions or minute veins of quartz, felspar, or 
a kind of granite resembling the graphic granite. 

The foliated texture of gneiss is a universal charac- 
teristic. Gneiss is also usually stratified or jointed in a 
direction parallel to its texture. At all events a divergence 
from this direction has not been hitherto observed. Be- 
sides this tabular jointing there is sometimes a tolerably 
regular oblique parallelopipedic jointing dividing the rock 
into irregular rhombs, two of whose faces correspond with 
the stratification of the rock. 

Gneiss is found in extensive regions in many mountain 
districts. The mountains which it forms are of very 
various shapes, according to the position and direction of 
the foliated texture. If this be horizontal then we have 
flat undulating table-lands where valleys appear like cuts 
in the otherwise uniform surface. If, however, the bed- 
ding of the rock has been upheaved so that the parallel 
planes of the texture assume a vertical position, then it 
forms jagged alpine heights. Both the bedding and the 
texture are frequently very much contorted. 

Gneiss, wherever we can approximately determine its 
geological age, is found to be of high antiquity. It occurs 
with granite rocks usually lying above them, but often 
penetrated and traversed by them. The oldest sedi- 
mentary rocks usually overlie the gneiss, but there are 
some exceptions where, as in the Alps and the Fichtelge- 
birge, the gneiss is found uppermost; these exceptions 
are capable of being explained by disturbances of the 
original bedding. 
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QUARTZ GROUP, 241 

Naumann, Erlauter. z. geogn. Karte v. Sachsen, No. 2, p. 266, 

and No. 5, p. 61. 
CoUttj Rother u. Grauer Gneiss, in v. L. u. Br. Jalirb. 1844, 

p. 681, and 1864, p. 39. 
Credner, Syenitgneiss, in v. L. u. Br. Jahrb. 1860, p. 649. 
FeterSy Syenitgneiss, in Jahrb. d. geoL Reichsanst. 1863, p. 236. 
Kittely Syenitgneiss, Umgegend v. AschaflFenburg, 1840, pp. 

11 and 27. 
V. Rathy Gneiss in Graubiindten, Zeitscbr. d. d. geol. Ges. 1868, 

p. 199. 
Foumet, Gneiss der Alpen, M6m. sur la G^ol. de la part des 

Alpes, p. 29. 
Bodsey Transact, of tbe Geol. Soc. of Cornwall, vol. vi. p. 390. 
Quincke, Schmfeld and Roacoe, Analysen in Ann. der Chem. 

u. Pharm. 1864, voLxci. p. 306, and 1866, vol. xcix. p. 239 ; 

V. L. u. Br. Jahrb. 1866, p. 463. 
V, Hochstetter, Oligoklasgneiss, Novarra-Reise, 1861, Th. i. 

p. 324. 

CRYSTALLINE SCHISTS RICH IN QUARTZ. 
(Mica-schist, Quartz-schist, Itacolumite.) 

. MICA-SCHIST. 

Glimmerschiefer. {Germ.) 
MiCASCHiSTE, Brongniart, (i^.) 

A crystalline schistose compound of mica and quartz. 

Spec, grav 2-7— 4^-1 

Contains silica 69 — 82 p. c. 

Its texture is always foliated, but with many varieties of 
odification. Its composition varies between two ex- 
emes ; one consisting almost entirely of mica, the other 
uartz-schist) almost entirely of quartz. 
The mica is most usually the optically biaxial potash- 
ica, but sometimes dark magnesia-mica, damourite, or 
iragonite. Two different kinds of mica occasionally occur 
gether in the same rock. Usually the laminae, whether 
rge or small, all lie in planes approximately parallel to 
,ch other, and thereby occasion the foliated texture of 
e rock ; it is rare to find them in diverging directions. 
The mode in which the mica and quartz are united is 
mewhat various. In those varieties which contain the 
ost mica the small grains or lenticular particles of quartz 
ually lie hidden in it, and the rock appears almost 
:clusively to consist of mica. If the quantity of quartz 
J greater, then its larger lenticular masses are dis- 
ictly prominent amongst the mica in a cross fracture of 
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the rock. Again, these lenticular bodies extend and 
are elongated into thin parallel layers of granular com- 
position, and sometimes themselves enclose small flakes of 
mica of divergent direction. Those varieties which are 
very rich in quartz consist almost entirely of that mineral, 
and only receive a foliated texture from the thin parallel 
layers of mica imbedded in the quartz. 

Sometimes (and even in varieties very rich in mica) in 
addition to the quartz contained in the main mass of the 
rock, irregularly swollen-shaped masses and veins of quartz 
occur, round which the foliated texture bends itself or 
there are found actual seams of quartz in the rock. 
Garnets frequently occur in such abundance as to be 
characteristic for certain varieties. They are red or 
brown, and occur porphyritically as isolated crystals, un- 
usually rhombic dodecahedrons, from the size of a scarcely 
visible grain to that of an apple. In each individual rock, 
however, these are usually nearly of a uniform size. 
The flakes of mica bend round these crystals as if they 
had been pushed on one side during the process of their 
formation. Near Fahlun, in Sweden, there is a magnesian 
variety of mica-schist containing very large dodecahedrons 
of garnet, which are sometimes split into two parts which 
have become joined together again in a displaced position. 

Mica-schist also frequently contains some or other of 
the following as accessory ingredients : schorl, stauroKte, 
disthene,andalusite, hornblende, chiastolite, beryl, chlorite, 
talc, and felspar less frequently, also graphite, micaceous 
iron, cordierite, pyrites, or cinnabar, &c. 

Some of these accessory ingredients are characteristic 
for certain varieties of mica-schist, and they also occasion 
transitions from mica-schist into other rocks. Thus the 
presence of chlorite occasions a transition into chlorite- 
schist,of talc into talc-schist, of felspar into gneiss, of schorl 
into schorl-schist, of graphite into graphite-schist, of mi- 
caceous iron into ferruginous mica-schist. If the mass 
becomes compact, and especially if the mica should be- 
come indistinctly blended with the other ingredients, then 
the rock passes over into argillaceous mica-schist, and finally t 
into clay-slate, so that we have thus a complete series of 
transitions from the most distinct gneiss through mica- 
schist into clay-slate. But we know of no transition from 
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a-schist into the granular greisen, although the com- 
ition of those two rocks is mineralogically the same. 

Varieties in Texture. 

Common Mica-schist. ) Somewhat unevenly fo- 

gemeiner GLiitfMKRscHiEFER. (ScHUPPEx- 1 Hated of a scalv at)- 

GLIMMER8CII1EFBK.) (Oerm.) [ ^ ^^^ ' .., -^ ^, 

MicAscHisTE coMMUN Oil NORMAL. (Fr.) [ peafance With vcrj much 
mica, but the quartz nevertheless distinct. Of very frequent 
occuiTence. 

MiCA-SCHIST, VERY FlNE AND] 

Event in Texture. ■ Also frequent, 

Plangummerschiefer. (Oerm.) J 

MiCA-scHisT OP Wavy Texture. ) A delicate wavp-like tex- 
Paltenglimmerschiefer. (Oerm.) [ ture. occasions a verv dis- 

A TEXTURE ONDULfiE. (Fr.) I x* I T n T 

^ ^ ) tmct Imear pai-allelism. 

Sometimes there occur larger and more irregular foldings, 
windings, and contortions of the texture, but these are fre- 
quently very parallel in their main direction. E. g. at Schwarz- 
enbach, near Hof in the Fichtelgebirge. 
MiCA-scHisT with Wood-lixe or \ Or as if the different par- 
Co arsely Fibrous Texture. I tides had been elongated 
Geotreckter Glimmerschiefer Oder ( l)y stretchinff. This pe- 
HoLZGLiMMERscHiEFER. (Oerm.) J culiar tcxturl is causcd by 
a special conformation of the quartz stiipped into thin and 
long strips or stalks. 



mica-schist with contorted and 
Irregular Texture. 

Verworrenschiefriger Oder Wulst- 

GLIMMERSCHIEFER. (Oerm.) 
a texture FROISSfeE OU PLISSfeE. (Fr.) ^ 



The disturbances of the 
parallel texture are partly 
occasioned by external 
forces, and partly by 
many tuberous swellings 
of the quartz contained in the rock. Very frequent. 
► Stratipied Mica-schist. I Thin seams of mica with slaty 
Lagenglimmerschiefer. (Oerm.> cleavage, alternate with line- 
grained layers of quartz, in which last are sometimes dissemi- 
nated flakes of mica not parallel to the stratification. This 
rock is very characteristically developed near Eger, in Bohemia, 
and between Korbach and Gefrees in the Fichtelgebirge. 
MiCA-scHiST OP Knotty Texture. I Small nodules or concre- 
KNOTENGLiMMERscraEFER. (Oerm.) ' tions pervade the mass and 
occasion a knotty texture, disturbing the otherwise parallel 
layers of the mica. Occurs in the Fichtelgebirge, between 
Walpenreuth and Hiihnerhof. 

Varieties in Composition. 
Garnetiperous Mica-schist. | Rich in garnets. Ofveryfre- 

Granatglimmerschiefer. (Oerm.) f „„p„4. opoiirrpnce 
MicAscmsTE GRENATiFfeRE. (Fr.) ) qucut occurrenco. 

Gneissic Mica-schist. I With some felspar in the 

Gneissglimmehschiefer. (Germ.)' compound; forms a transition 

state between gneiss and mica-schist. Frequent in the Erzge- 

birge. 

B 2 
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(k) Chloritic Mica-schist. ) With some admixture of cUo- 

CH10RIT0UMMKR8CHIKFER. (Germ,) f ritc ; fonus 8 traiisition into 
M1CA8CHIOTE AVBc chloritb. (Fr.) ' chloiite-schist Frequent is 

the Alps. . Ill 

O) Talcose Mica-schist. ) With an admixture of some talc; 

Talkoummbrschiefer. (<7<rm.) V fonxis a transition into talo 
MicAscmfiPTK AVEc Talc, (/v.) j ^y^^^ Occurs in the Alps. 

(m) Mica-schist with two kinds op Mica (dark and lig^ 

coloured). Zschopau in Saxony. 
(n) Graphitic Mica-schist. ) With admixture of graphite; 

GRAFHiTouMMKKflCHiEFER. (Germ.) \ foruis a tfansition mto gift* 

MicAflCHiOTE AVBc Graphitb. (Fr.) > phite-schist. 

(o) Micaceous Iron-schist. ^ Forms a transition into 

ElSENGLIMMKRHALTIGER GUlUfBRSCHIEFEB. j- femiffinOUS SClust. 

(p) ScHORLACEOUS MicA-scHiST. ] Forming a transition into 
scHORLQUMMERscHiKFER. (Germ.) I schorl-schist. Bihenstodc 

MlCASCBIfiTE AVBC TOURMAUNB. (Fr.) j J^ gaxonV. 

Forming a transition into 
hornblende-schist. E. g. 
between Goldmiihl and 



(y) HORNBLENDIC MICA-SCHI8T. 

H0RNBLENDEGLIMMER8CHIEFER. (Germ.) 

MICA8CHI8TB AVBC HORNBLBNDB. (Fr.) 

Brandholz, near Bemeck in the Fichtelgebirge. 

(r) QuARTzosE Mica-schist, forming a transition into quartz-schist 

(«) CALCAREors Mica-schist. \ This is either a granular limfr- 

Kalkglimmehschiefer, blau- [• stone, very rich in mica, and 

BCHiEF^R. (Germ.) j therefore of fissile texture (d- 

poUine), as it^ for instance, occurs in the limestone beds in the 

neighbourhood of Zaunhaus in the Erzgebirge, or it is a rodt 

composed of thin alternate layers of micarschist and graniilar 

limestone, as is frequently found in the Eastern Alps. 

The following varieties differ in the species of tlidr 
mica : — 

{t) Paragonite-schist. I The name given by Schafthautl 

Paragonttschiefer, Schafthdua. J to certain mica-schist of the Alps 
^^*^^**^ in which the ordinary mica m 

replaced by paragonite or damourite. To this belongs, e. g., the 
beautiful variety foimd at St. Gotthard, and is dbtinguished 
by its containing many cyanites and staurolites. 
(m) Amphilogite-schist. \ The name given by Schaft- 

AMPHIL001T8CHIEFBR, Sehctfth&uti. r hautl to the delicate flaky and 
^ ^"^'' somewhat greenish-white mica- 

slate of Zillerthnl in the Tyrol, which only contains 40 p. c. 
silica. 
(v) Nacritide. I The name given by Schill to a schist oc- 

nacrttid, Schui. I curring at fike's Peak in Kansas, consisting 
erm.) ^£ quartz with black and white mica. Per- 

haps it is the same as the Saxon variety described ante (m). 

Mica-schist is usually more or less stratified or laminated 
independently of and more or less parallel to its schistose 
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or foliated texture. Sometimes many different varieties 
alternate and are stratified in thin beds or layers one 
above the other. 

Mica-schist is extensively developed in many mountain 
districts, and there it is usually accompanied by gneiss or 
talc, and chlorite-schist ; it frequently also contains sub- 
ordinate intermediate layers of quartz-schist, hornblende- 
schist, granular limestone, or dolomite, ironstone, or even 
graphite. The distinctly sedimentary formations usually 
overlie the mica-schist, but to this rule there are excep- 
tions, as in the case of gneiss. From its bedding and the 
rocks with which it is usually associated, we must con- 
clude that mica-schist has chiefly been formed by trans- 
mutation from very ancient argillaceous and arenaceous 
deposits. During this process the quartz has undergone 
the least change, the clay has for the most part become 
mica, the superfluous substances in the sedimentary rock 
appearing, as accessory minerals in the mica-schist. A 
clay-slate very poor in quartz might produce a mica- 
sclust very rich in mica ; and a clay-slate very rich in 
quartz (or very sandy) might produce a mica-schist very 
rich in quartz. An argillaceous sandstone might perhaps 
produce that variety of mica-schist which forms a tran- 
sition into quartz-schist. If the original rock contained 
lime, then garnet, hornblende, and other miaerals might 
also be formed. If the original rock contained subordi- 
nate strata or layers of limestone, ironstone, coal, or the 
like, these would be changed into granular limestone, 
ferruginous mica-schist, graphite, &c. 

We must assume that these processes of transmutation 
have always taken place deep in the earth under the 
influence of great pressure, high temperature, and per- 
haps that they have been aided by the presence of water 
— in other words, that they were plutonic or hydro- 
plutonic processes. If there were sufficient alkali in the 
argillaceous deposit, or if alkalies happened to be withia 
reach (possibly in a state of solution), then gneiss and not 
mica-schist would be the result. If these hypotheses are 
well founded, they explain the possible mode of formation 
of some mica-schists, which appear to be of considerably 
more recent origin than the greater part of those rocks. 
The process of transmutation may have been hastened in 
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these exceptional cases by an extraordinary degree of 
pressure. Cases of this kind are met with in the Alps, 
where between strata of mica-schist certain beds of a 
sandy calcareous composition occur containing distinct 
remains of Belemnites. 

Although mica-schist has been very frequently analysed 
and described, there are but few treatises which make it 
their principal subject. The following describe certain 
special forms of this rock, 

^eference», 

Beudant and Nawnann (the former in Hungary, the latter in 
Scandinavia) have both observed apparent pebbles of quartz 
in mica-schist — a circumstance which forcibly suggests a me- 
chanical origin (Naumann's Geognosie, 2nd. ed. vol. i. p. 
527, Anm.). We have also ourselves observed distinct 
pebbles of quartz in beds of limestone lying between parallel 
beds of micarschist at Jakobeni in the l^ukowina. Jahrb. d. 
geol. Reichsanst. 1856, p. 7. 

Schafthdutly on the peculiar varieties of the Alps, Ann. d. 
Chem. u. Pharm. 1843, p. 733. (Schmfeld and Moscoe, ibid. 
ia54, vol. xci. p. 305.) 

SchiUy on Nacritide, Ann. d, Chem. u. Pharm. 1867, voL diL 
p. 119. 

24. QUAKTZ-SCHIST. 

QUARZSCHIEFER. {Germ,) 

QUABTZ 8CHISTET7X. (jFV.) 

A rock chiefly consisting of quartz y hut usually contain^ 
ing some mica. 

We regard this rock as more or less belonging to the 
mica-schists. It is found to pass over into genuine mica- 
schist through the transition grade of quartzose mica-schist 

Mineralogically, this rock has greater affinity to the 
siliceous or quartz rocks. Geologically, however, it 
undoubtedly belongs to the metamorphic crystalline 
schists, with which it is usually interstratified in parallel 
but subordinate beds ; and, like the other crystalline 
schists, appears to have originated in metamorphosis of 
sedimentary rocks (probably sandstone). 

We ought, perhaps, on the same principle to include 
some other rocks in the metamorphic series (granular 
limestone, for instance) ; calcspar, however, does not oc- 
cur as an essential ingredient of any crystalline schists, 
whereas quartz is contained in most, and we must con- 
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stantly remind our readers that a logically consistent 
system of classification is impossible with rocks. 

We shall again allude to this rock under the head of 
quartz rocks. No. 69 post 

Varieties in Texture. 

(a) Common Quartz-schist. i Consists principally of com- 

Gkmkinbr QUARZ8CHIEFKR. (Germ,) \ pact, imperfectly - foliated 

QUAJBTZ SCHISTEUX <X>MMUK. (Fr.) ) '■ ^ 'I ^ / • • i 

V aunxs i^KjjL xju^^^v^, K ') J white quartz, containing only 

little mica; sometimes with very distinct parallel elongations. 
Occurs in the gneiss of Freiberg. 



(b) Gbanulab Qtjabtz-schist, 

or QUARTZITE. 
QuARzrr. (Germ.) 

QUARTZTTB. (Fr.) 



Fme-gr^ed; resembling sand- 
. stone. 

Jukes says, ^Quartz rock or 

quartzite is a compact fine-grained 
but distinctly granular rock, very hard, frequently brittle, 
and often so divided by joints as to split in all directions 
into small angular, but more or less cuboidal, fragments. The 
colours are generally some shade of yellow, passing occasionally 
into red, and at other times into green. When examined witn 
a lens it may be seen to be made of grains, which appear some- 
times as if they had been slightly fused together at their edges 
or surfaces, and sometimes as if imbedded in a purely siliceous 
cement. This cementation or semi-fusibn of the grains shows 
at once that it is a sandstone which has been altered and in- 
durated by the action either of heat alone or of heat and water.' 

25. ITACOLUMITE. 

Itakolumit. (Germ.) 
Itacolumite. (Fr.) 

A fine-grained and at the same time schistose compound 
of quartz with some mica, talc, or chlorite. In thin 
plates it is sometimes fiexible. 

This rock first received its name from Von Eschwege. 
Its principal mass consists of grains of quartz, and re- 
sembles a sandstone. The grains of quartz, however, are 
bound together by thin crystalline laminae of mica, 
chlorite, or talc, and these often assume a parallel arrange- 
ment and form thin seams through the rock. Thus its 
foliated texture is occasioned, and the somewhat elastic 
properties of the mica, chlorite, or talc occasionally give 
a flexibility to thin layers or plates of the rock. But not 
all varieties of itacolumite are flexible. The prevailing 
colour of the rock is yellowish ; sometimes, however, it 
has a white-reddish or bluish-grey colour. 

As subordinate ingredients, there occur in it mica- 
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ceous iron, magnetic iron-ore, martite, native gold, and 
even diamond. The quartz also occurs locally in the 
form of rounded stones or pebbles enclosed in the rock's 
mass, showing clearly the mechanical arenaceous or con- 
glomeratic origin of the rock. If the specular or magnetic 
iron-ores occur in considerable quantity, then a transition 
takes place into ferruginous mica-schist or itabirite (vide 
post. No. 62 k); and if the quartz be altogether pre- 
dominant, into quartz-schist (No. 24). 

We may take it as proof of the variable character of 
this rock that it has received many different names. 
Alexander von Humboldt called it itacolumite or quartz 
chloriteux; Clausen termed it ffres rouffe, micaschiste 
quartzeuxy and gres itacolumite ; Von Martins, elastischer 
Sandstein (elastic sandstone). Quartz-schist and Gelenk- 
quarz (articulated quartz) ; Walchner, quartzose talc- 
schist ; Jacquemont, gres schisteux ; Shepard includes it 
under the head of mica-schist ; Toumey terms it quartz 
rock or the ^ quartz of the mica slatCy and indicates that 
it may be a homstone ; Van Uxem even appears to have 
considered it in South Carolina as a variety of Greissen. 

Jukes describes Itacolumite as being a genuine un- 
altered sandstone, more or less micaceous like other sand- 
stones, but the mica in worn spangles, not in connected 
flakes. 

Varieties, 

(a) Common Itacolumite. \ Firm, not flexible, resembling a 

Gemetner Itakolumit. {Germ,) \ firm and somewhat fissile sand- 



fr»».)l 



Itacolumite commun. {Fr.) , j^„« 

(&) Flexible Itacolttmite. n Usually very fine-grained, and 

BiEGSAMER itakolumit. io^-) [ in thin layers or plates— very 



Itacolumite flexiblb. (Fr.) i « ., , 
' flexible. 



(c) Conglomekatic Itacolumite. 

Conglomkratartiger ITAKOLUMTL. ^wv. ..,.. u 

Itacolumite grenu. {Fr.) ' J bles of quartz, 



« WliU JM.JSJKAT10' XTAUOliUMITE. \ "O 1 • J J 1. 

CoNGLOMKRATAKnGER Itakolumit. {Germ.)\ ^^closmg rounded peb- 



Von Eschwege informs us that in the Brazils itaco- 
lumite forms whole systems of strata of great thickness, 
extending for several hundred miles in length. The 
mountain Itacolumi, near Villa Kica (5,400 feet high), 
consists almost entirely of this rock. Shepard and 
Liebcr found it very extensively developed in North 
and South Carolina, where it generally lies between lime- 
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stone and clay-slate, and contains subordinate layers or 
beds of talc-schist, ferruginous mica-schist, itabirite, ca- 
tawbarite, and fine-grained limestone. Von Helmersen 
and Hofmann also found the rock in the Ural Moun- 
tains ; Von Eschwege in Portugal ; Schulz in Spain ; 
Gergens in the slate region of the Rhine. 

Meferences, 
V, JEschwegefBeitr, z. Gebirgskunde von Brasilien, 1832, p. 174. 
O, Lieber, Gangstudien, voL ill. p. 323. 
Shepard, Keport of South Carolina. 1854. 
Schulzy Bullet, de la Soc. g^ol. de la France, 1834, p. 416. 
Gergens, in v. L. u. Br. Jahrb. 1841, p. 666. 
Lucas (as early as" 1815) found diamonds in it in the Brazils. 

Nouveau dictionnaire d'hist. nat., art. Diamant. The same 

fact was confirmed by Heusser and Clarazy in the Zeitschr. 

d. d. geol. Ges. 1859, vol. xi. p. 448. 
V, Humboldtf Gisement des Boches dans les deux Hemispheres, 

p. 89. 
V, Martins, Reise in Brasilien, vol. ii. 
Clausen^ Bullet, de TAcad. de Bruxelles, 1841. 
Walchner, Handbuch d. Geognosie, p. 38. 
Tourney, Report on the Geology of South Carolina, 1848, p. 6. 
Jacquemont, Voyage dans Tlnde. 

CHLORITE, TALC, AND HORNBLENDE GROUP. 

These rocks have been severally termed Chlorite-schist, 
Talc'Schisty and Hornblende-schist , from the prevalence of 
those respective minerals in their composition. 

In their chemical composition they resemble the basic 
rather than the acidic igneous rocks ; that is, they contain 
more magnesia and lime, and, for the most part, less silica 
than the acidic rocks. 

They occur as subordinate beds in the mica-schist, or 
they entirely take the place of mica-schist in some for- 
mations. 

Serpentine might also be included in this group, by 
reason of its chemical and frequently also its geological 
character. Nevertheless, inasmuch as serpentine often 
occurs under other and very different geological rela- 
tions (appearing as the product of igneous rocks), we 
prefer to class that rock separately amongst the special 
rock formations. 

By introducing this group of rocks between the mica- 
schists and the argillaceous mica-schists, we interrupt a 
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connected series of transition between those two groups, 
but such interruption only represents similar inter- 
ruptions actually occurring in nature. 

26, CHLOKITE-SCHIST and POTSTONE. 

Chloritschiefeb und Topfstein. {Germ,) 

SCHISTE CHLORITIQUE. (Fr.) 

A schistose aggregate of chloritey usually combined with 
quartZy sometimes also with felspaVy mica, and talc. 
It has a greenish colour and scaly appearance, 

Specgrav. ^ 2-7— 2*8 

Contains silica . • • • 31 — 42 p. c. 

The principal mass of this rock is composed of chlorite 
of green or blackish-green colour and greyish-green 
streak. It is usually of coarsely foliated texture and soft. 
The quartz sometimes transfuses the whole mass, and so 
makes the rock hard ; sometimes it only occurs in the 
form of thin scattered laminae, lenticular or irregular 
swellings ; sometimes again it traverses the rock in thin 
veins. Felspar, mica, or talc are only occasionally to be 
distinctly recognised as ingredients ; many other minerals 
are, however, lound as accessories, and often in very per- 
fectly formed crystals ; the most frequent of these are mag- 
netic iron-ore, garnet, talcspar, actinolite, and tourmaline. 

This rock forms transitions into talc-schist, protogine 
gneiss, mica-schist, clay -mica-schist, and slaty serpentine, 
and it often lies in alternate strata with these rocks. It 
is widely spread in the central chain of the Alps, is very 
characteristically developed in the Fichtelgebirge, near 
Schwarzbach, Wiersberg, &c., and also in the Eastern 
Carpathians. It very often contains subordinate beds 
or layers of magnetic iron-ore, ferruginous mica-schist, 
copper and iron pyrites, granular limestone, quartz, &c. 
It is usually very distinctly stratified. 

Chlorite-schist can scarcely be divided into separate 
varieties, which have not found a place under other heads, 
but some analogous rocks may be annexed to it, and may 
almost take the place of varieties. 

(a) The Chxoeite-schist op Harthatj (near Chemnitz). The 
principal mass of this rock consists of an imperfectly foliated 
chlorite-schist of dark-green colour, traversea by many layers 
and veins of quartz. Numerous very distinct yellow spots appear 
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prominently arranged in certain zones. . These were for a long 
time taken to be flakes of talc. A. Knop has, however, ana- 
lysed this rock more narrowly, and discovered that the spots 
do not consist of talc, but mostly of a yellowish-green micaceous 
substance, a kind of pinite, which, however, itself appears 
to be a product of transmutation from oligoclase (or labra- 
dorite^, and in many places has preserved its crystalline form 
and distinct cleavage. Strange to say, these felspar crystals, in 
the process of their transmutation into aggregates of mica, 
have even changed their outward shape, and accommodated 
themselves somewhat to the foliated texture of the rock. This 
rock frequently contains some pviites, brownspar, and titanic iron 
as accessories/ It divides into plates or wood-like fibres. It forms 
subordinate beds in the clay-mica-schist of the same district. 

(h) Ohloeitoid Schist is the name given by Hunt to a certain 
dark-coloured schist, very extensively developed in Canada, 
piincipally consisting of chloritoid, a mineral closely allied to 
chlorite, and also to ottrelite. 

(c) PoTSTONE. \ Consists of a felt-Hke web of chlorite ; 

^*'^?f^'^!Li^^^^^^™°'^ i* ^ ^^7 rarely foliated. Specific gra- 
PiER^^^^^^C^.)^ * vity, 2-8 (?) ; content of silica, 30-60 
) p. c. (?) The mass is greenish-grey to 
blackish ; its streak greenish-white. It is soft, sectile, and 
quite infusible. It sometimes contains mica, calcspar, dolo- 
mite, and magnetic iron-ore or iron pyrites scattered through 
its mass, and hence it sometimes e£^rvesces on the applica- 
tion of acid. In fire it loses 7*21 per cent, of its weight, pro- 
bably in conseq^uence of the large quantity of water which it 
contains (sometimes as much as 11 per cent/). 

This rock is easily manufactured into nrebricks and fire- 
proof utensils- It is found in very characteristic form in the 
Alps, together with serpentine as a subordinate stratum in 
chlorite-schist, and it forms transition states into serpentine — 
Chiavenna, Drontheim in Norway (?), Boston in Massachusetts, 
Potton in Canada. 

JReferences, 
Varrentrapp, Poggend. Annalen, 1849, vol. xlviii. p. 189. 
Xnop, Progr. der Ohemnitzer Gewerbschule, 1866. (?) Neues 

Jahrb. f. Min. 1863, p. 808. 
Brush, on Chloritoid Slate, v. Leonhard*s Jahrbuch, 1861, p. 674. 
Delesse (Potstone), Bullet, de la Soc. g^ol. de France, 1857, [2] 

vol. xiv. p. 281, 
Studer (Potstone), Bibl. univers. de Geneve, 1856, [4] p. 213. 

27. TALC-SCHIST. 

Talkschiefer. (Germ.) 

Talcschiste (SiiiASCHiSTE, Brongniort). (-FV.) 

A schistose aggregate of talcy usually combined with some 
quartz or sometimes with felspar^ yellowish or greenish 
colour and soft greasy feel. 
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Spec, grav 2-6— 2-8 

Contains silica 50 — 57 p. c. ; at Zebemick, in Hungary, only 
27-6 ; at Hinterbriilil, even 62-1. 

The principal mass of these rocks consists of talc, of 
light-yellow, yellowish-green, or greenish-grey colour, 
with a mother-of-pearl varying to resinous lustre. As 
it contains less silica than the mineral talc (which has 64 
per cent.'), we may infer that some chlorite enters into its 
composition. 

It contains little quartz ; and only in grains, flat lenti- 
cular particles, laminae, or irregularly shaped masses, or 
irregular veins, all subordinate as to size and quantity. 

Felspar is only to be seen in delicate particles scattered 
here and there ; it is not more frequent than several of 
the following accessory minerals : — chlorite, mica, talcspar, 
garnet, actinolite, asbestos, magnetic iron-ore, and iron 
pyrites. This rock forms transitions into chlorite-schist, 
clay-slate, mica-schist, and protogine-gneiss. 



(a) Common Talo-schist. 

Gembimbr Talkschiefer. (Germ.) 

TALCSCmSTB COMMUN. (Fr.) 



Varieties^ 

Not unusual in the Alps. At 
• Ochsenkopf, near Schwarzen- 

berg in the Erzgebirge, a 
variety (with corundum) occurs inabedded between strata of 
mica-scnist. 

(b) LiSTWENiTE is the name which has been given to a variety in 

the Ural Mountains, which contains much quartz combmed 
with talcspar or calcspar, and from that combination assumes 
a somewhat granular slaty texture. The same rock, at Bere- 
sowsk is displaced and penetrated by veins of Beresite, which 
are again penetrated with quartz veins containing some gold. 

(c) DoLERiNE IS the name given by Jurine to a talc-schist with es- 

sential ingredients of felspar and chlorite, and according to 
FaTre this rock is extensively spread in the Pennine Alps. 

Talc-schist is almost always stratified, and forms alter- 
nating beds with other crystalline schists. 

Heferences. 

G. BosBy on Liswanit, Keise n. d. Ural, vol. ii. p. 537. 
Juriney on Dolerine, in the Joum. des Mines, vol. xix. p. 374 
Favre, on Dolerine, in v. L. u. Br. Jahrb. 1849, p. 41. 
Scheerer, Analyse des Talksch. von Fahlun, in Poggend. Ann. 

1851, vol. Ixxxiv. p. 345. 
Hichtery Anal. d. Talksch. von Gastein, in Poggend. Ann. 1851, 

vol. Ixxxiv. p. 368. 
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Ferjentsiky Anal d. Talksch. v. Zebemick, in Jahrb. d. geol. 

Reichsanst. 1856, p. 807. 
Magskyy Anal. d. Talksch. y. Hinterbriihl^ in Jabrb. d. geol. 

Reichsanst. 1854, p. 642. 

. HOKNBLENDE-SCHIST and HOKNBLENDE 
ROCK. 

HORNBLENDESCHIEFEB und HORNBLENSEPSLS, AmPHIBOLIT. 

(Germ.) 
ScHisTE AMPHiBOLiQUE et Amphibouthe, Brmffniort, {Fr,) 

A schistose or fine-drained to compact rocky consisting 
chiefiy of hornblende^ combined with small quantities 
of felspar y quartz^ or brown mica. Always dark-green 
to black. 

Spec, grav 8 — 3'1 

Contains silica • . . . . 48 — 54 p. c. 

This rock is most usually of foliated texture. Its prin- 
3al mass is granular and sometimes also fibrous, and 
nsists of common dark-green hornblende as its principal 
gredient, with which some felspar, quartz, or mica is 
ually combined. If the latter are present in considerable 
lantity, then transitions take place into diorite (6), dio- 
:e-schist (No. 6 a), or syenite-gneiss (No. 22). As 
cessories there also occur garnet, pistacite, iron pyrites, 
agnetic iron-ore, &c. 

The varieties of prevailing schistose character are usu- 
ly imbedded between strata of other crystalline schists, 

which they clearly belong, and into which they pass 
^er by grades, of transition. 

They also sometimes pass into rocks not of a fissile tex- 
re, such as hardly can be classed with the argillaceous 
hists, and which may perhaps be of igneous (eruptive) 
igin, especially as they form transitions into diorite. 

Varieties of Texture. 

Usually thickly foliated, and at 
the same time fibrous ; this tex- 
ture being occasioned by the pa- 
rallel position of fibres of hornblende of various thickness. 
Quartz and felspar occur as a part of the compound of the 
principal rock, but also in nests or veins. This rock is often 
found (subordinate) in strata of gneiss, mica-schist, and 
chlorite-schist ; e. pr., Miltitz, near Meissen, and the district of 
Miinchberg in the Fichtelgebirge, 



a) Hoknblende-schist. 

HORNBLENDESCHIEFER. {Oerm.) 
SCHISTB AMPHIBOLIQUE. (fr.) 
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At Hanover in North America homblende-scliist is found, 
containing large dodecahedrons of garnet. 
• (b) Hornblende Rock. \ Without fissile texture. E. g. in 

H0RNBLENDKPEU8. (Germ.) I the district of Hof in the Fichtel- 

AMPHIBOUTHE. (Fr.) j ge^i^ge. 

Variety in Composition, 

(c) AcTiNOLiTE-scHiST. \ Chiefly consisting of actinolite, and 

STRAHi^T^^oder ^CT^o- L therefore entirely fibrous, otherwise 
LiTHflcniKFER, mw.) J j^^^ ^^ homblendc-schist. Found to 
the south of Oberwiesenthal in the Erzgebirge ; also at Clau- 
sen in the Tyrol. 

We might also include eklogite (No. 44) under this 
head^ but as it is at least doubtful if its origin be that of 
the metamorphic schists, and as it belongs to the rocks of 
exceptional character/ and by' reason of its richness in 
garnets may be conveniently placed with the other garnet 
rocks, we have so classed it. 

Heferences, 

Bischof^s Gkologie (1st edition) contains almost the only de- 
tailed account of hornblende-schist. See II. p. 130. 
On actinolite-schist, see Reuss in v. L. u. Br. Jahrb. 1840, p. 41. 

SCHISTS INDISTINCTLY CRYSTALLINE. 

These form the connecting link between the extreme 
metamorphic crystalline schists (especially gneiss and the 
mica-schists) and the clay-slate and slate-clay rocks, 
which latter being much less changed are still distinctly 
sedimentary. We therefore term them argillaceous mica- 
schists. 

29. AKGILLACEOUS MICA-SCHIST, PHYL- 

LITE. 

Thonglimmerschiefeb, Phtllit, URTnoNSCHiEFER. (Germ.) 
Phyllade, D'Atdhutssm. (Fr.) 

A schistose aggregate in which mica is usually to be recog- 
nised as the chief ingredient, or in which the peculiar 
structure of mica rocks is apparent. Sometimes the 
whole mass appears homogeneous, differing only from 
clay-slate by its superior lustre. 

Spec, grav 2-6— 2-8 

Contains silica 45 — 74 p. c. 

Argillaceous mica-schist is but a transition state between 
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mica-schist and clay-slate, as is apparent from its passing 
over into both these rocks. We might term it an imperfect 
mica-schist or a very much transformed and somewhat 
crystallised clay-slate. Its chemical analysis also agrees 
with this definition. But its chemical composition varies 
as much as that of mica^schist or clay-slate. Its principal 
ingredients are always quartz and mica (or some mineral 
of the same character as mica), but the quantitative pro- 
portions of these ingredients are very different in different 
rocks. With these principal ingredients are associated 
chlorite, talc, felspai:, hornblende, garnet, &c., which occa- 
sion transitions into chlorite-schist, talc-schist, hornblende- 
schist, and gneiss. 

The colour of these rocks is usually grey, greenish, or 
bluish-grey, but sometimes yellowish, reddish, brownish, 
and violet. Their lustre varies between the mother-of- 
pearl, the silky, and the half metallic. They always have 
a distinctly fissile texture, but not by any means a perfect 
cleavage. Sometimes they show fine parallel foldings, or 
sometimes there occurs a second fissile texture obliquely 
traversing the principal direction, occasioning a rough 
fibrous cleavage. When the slaty cleavage is perfect, it 
is usually not parallel to the stratification. 

In the apparently homogeneous principal mass, we dis- 
cover grains or irregular lenticular swellings or masses 
of quartz, or else veins of quartz or flakes of mica (or 
sericite), chlorite, talc, hornblende, felspar, chiastolite, 
andalusite, iron pyrites, magnetic iron-ore, or graphite. 
When these minerals are considerable in quantity, there 
arise varieties in composition. But these varieties are 
not peculiar to this rock ; they are necessarily repeated in 
mica^schist, as well as in clay-slate. 

Varieties in Texture, 
(a) Common Abgillaceous Mica-schist. 

Oemeiner Thoxglimmerschiefer. (Germ.) 
Phtllade; commun (SATiNfe). (/v.) 

(6) Folded or Contorted. 

GepAltbter Thonglimmerschiefer. (Germ.) 

(c) Fibrous or Woody Texture. 

HoLZARTiGER Thonglimherschiefer. (Germ.) 

(d) Very much Contorted. 

Sehr verworren schiefriger Oder Wulstiger Thonglimmerschiefer. 

(Germ.) 
PlJSSfe, FBOISSfi. (Fr.) 
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(e) Nodular Schist. | Which we also enumerate belc 

Varieties in Composition, 



Knotenschieper. (Oerm.) { . ^„^«x„ ;„ ««w.«^„:+,-^ 

ScHisTE NODULEux. (/v.)^ a vanetj 111 compositioii. 



Transition into mica-schist. 



Foiming transitions into chl 
schists. 



Forming a trani 
into gneiss. 

Forming a trani 
into gamet-mica-sc 



(f) RicjH DJ Mica. 

Gldimerreicher Thongmm- 

1IEB8CHIEFBR. {Oerm.) 
MiCACfc. (/v.) 

^^ ^'^A^cS^~MM-i«-l Forms transitions into qv 

SCHIEPER, (Germ.) j SChist. 

QUARTZEUX. (/v.) . ^ 

(h) Chloritic. 

CHLORrnSCHER Thonoummbr- 

8CHIBFER. (Germ,) 
Chloritiqub. (Fr.) J 

(t) Talcose. ) 

talkiger thonoldimer- L Forming a transition into talc-scl 

8CHIEFER. (Germ.) ^ 

Talqueux. (Fr.) / 

(A;) A Variett coNTAnoNG Hornblettde. 

HORNBLENDEHALTIGER THONGUMMERSCHIEPBR. (Germ.) 

(I) A Variett containing Felspar. 

Felbpathhaltiger Thonolimmerschieper. 
(Germ.) 

(m) A Variety containing Garnets. 
Granathaltiger Thonglimmerschieper. 
(Germ.) 

GRENATIPftRE. (Fr.) 

(«) Sericite-schist. 1 The name g^ven by List to a Yt 

SERicrrscHiEPER. (Germ.) I whose principal mass consists of 
ScmsTE 1 SfeRicim (^r.)j^.^^ ^^ ^^^^ micaceous mineraJ 

sembling- damourite, with a silky lustre, see ante, p. 23). 
which usually also contains quartz and felspar (albite acco: 
to List). Tne colour of this rock in the Taunus, where 
very extensively developed, is greenish with green and y( 
spots, or violet. It is often penetrated by veins which co 
quartz and albite. The very considerable quantity of all 
which it contains, especially of potash, is remarkable, 
further distinguishes three sub-varieties, according to 
colour. 

(a) Violet, very soft, with thin slaty cleavage. Spec. 

2-88. 
(p) Green, harder, with thick slaty cleavage (folded), 
little albite, and a microscopic quantity of mag 
iron-ore. Spec. gi*av. 2-79. 
(y) Spotted, soft ; often decomposed j with much albite 
quartz. Spec. grav. 2-68. 
(o) Ottrelite-schist. ] The principal mass foliated, and us 

Ottreijtschieper. (Germ.) I ffrev. It contains greenish lamin 
^^^^"^"^•(^'••^Jottrelite. This variety is frequ 
found in the Ardennes. It has also been discovered by C 
bel in the district of Ebnat in Bavaria. 



(/?) Chiastolite-schist. 

CmASTOLrmscHiEFER. (Germ.) 

SCHISIB MACLIF&KB. (Fr.) 



The mass is slaty, and us 
dark-coloured. It contains i 
crystals of chiastolite dissemii 



Knotenschiefer, Fleck- oder 
Fruchtschieper. (Oerm.) 

ScmerrE noduleux ou rurajt^. 
(Fr.) 
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through it in the most opposite directions. The chiastolite- 
schist (which also forms a variety of clay-slate) is foimd on 
the contact margins of plutonic igneous rocks^ e. g. next to 
granite. Near Gefrees in the Fichtelgebirge. Also abundant 
about Skiddaw, Cumberland. 

(q) Nodular or Spotted Schist. \ This schist contains small con- 
cretions of different structure, 
hardness, and colour to that of 
' the general mass. They are, for 
the most part, harder and darker, and they either form small 
knots or only spots with indistinct margin ; sometimes they 
resemble the currants in a fruit-pudding, hence their different 
names. Their composition has not yet been determined with 
accuracy by the various mineralogical chemical aualyses which 
they have undergone, according to which they have been suc- 
cessively taken for a kind of fahlunite, for hornblende, serpen- 
tine, chiastolite, or andalusite. It is very possible that at 
different places they are somewhat differently composed. In 
reference to their origin, it is of special interest that according 
to the careful investigations of Carius, the schist with nodules 
does not differ in the quality or proportionate quantity of its 
ingredients from the same schist without nodules farmer re- 
moved from the contact, so that no new substance appears to 
have been added to form those concretions, but they appear 
rather to have arisen from a new arrangement of the previously 
existing ingredients. At the margin of the granite in the 
Western Erzgebirge and VoigtlMid, these nodular schists are 
very frequent, and are observed there just as much in the clay- 
mica-scmst as in the ordinary clay-slate. A similar appearance 
occurs at Wechselburg in Saxony, in a rock which is decidedly 
mica-schist. 

(r) AlumtSCHIST. \ This schist contains much carbon, and 

Alaunschiefer. (Oerm.) . ig thereby rendered black. Pyrites is 
ScHKTB ALUMiNEux. (Fr,) j ^^^^^^ mixcd with it in fiue particles, 
through whose decomposition alum and iron- vitriol are formed. 
In the case of this variety, we can only decide from the 
bedding whether it belongs to argillaceous mica-schist or to 
clay-slate, for the carbon which it contains thoroughly oblite- 
rates the slender landmarks by which the difference might 
otherwise be established. It is characteristic of most of the 
alum-schists, that they are of very much contorted or displaced 
texture, and are frequently pervaded by irregular swoUen- 
shaped fragments of quartz and lustrous but bent lamin» 
(mica), and sometimes also lenticular concretions of bitu- 
minous limestone or anthraconite. Keichenbach in Voigtland. 

(«) Carbonaceous Schist, Black Chalk. ] In the case of this 
Zeichnenschibfer, Schwarze Kreide. (Oerm.) • yarietv very rich in 

ScmSTB HOUILLBR. (Fr.) 1. 1 

D^xLujxjs nuuxi^x^tt. V •>» j carbon, we can only 

determine by its bedding whether it belongs to argillaceous 
micBHSchist or to clay-slate. It is a quartzless and very soft 
slate, which, from admixture of carbon, is of a black coloar, 
and also imparts a black streaky so tiiat it may be used for 
S 
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drawing or writing. Ludwigstadt in the Thniingian Forest, 
where it belongs to clay-slate. 

Ail the above-mentioned varieties in composition are 
equally applicable to the ordinary clay-slate as to the 
argillaceous mica-schist, and we shall therefore have to 
enumerate them again when we come to consider that 
rock, but our previous descriptions will suffice for both. 

Argillaceous mica-schist is usually also distinctly stra- 
tified in addition to its foliated texture, which, as sdready 
said, is not parallel to the stratification ; otherwise, as to 
its bedding and extent, it exactly resembles mica-schist, 
with this only difference., that it more usually than that 
rock is interstratified with the oldest sedimentary and dis- 
tinctly fossiliferous rocks. 

By the name of argillaceous mica-schist we do but 
seek to establish a stage of transmutation between clay- 
slate proper and mica-schist. 
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CHAPTER III. 

SEDIMENTARY AND FRAGMENTAL ROCKS. 

All sedimentary rocks are stratified ; or at leasts their 
beds Ke one above the other in parallel planes. The 
greater part consists of the debris of older rocks mechani- 
cally washed together and deposited from a state of sus- 
pension in water. A few only are the result of chemical 
precipitate of mineral substances. Many contain organic 
remains (fossils) more or less distinct ; some consist entirely 
of such. 

As a consequence of their origin, the sedimentary rocks 
are rarely of genuine crystalline conformation. Some, 
however, which appear to be actual chemical precipitates 
from aqueous solutions, such as gypsum and rock-salt, 
usually possess a crystidline structure. 

Following the difierent origin of these rocks, we may 
divide them into 

(a) Mechanical deposits. 

(b) Chemical precipitates. 

(c) Rocks resulting from organic processes. 

(a) Phytogenicy caused by the accumulation of vege- 
table matter. 
()8) Zoogenic, caused by the accumulation of animal 
remains. 
The minerals which chiefly predominate in sedimentary 
rocks are not the same as those which are most abundant 
in the igneous and the metamorphic rocks. We find in 
the sedunentary rocks little or no felspar, hornblende, or 
pyroxene. The following are those which occur with 
greatest frequency : — Quartz, which in general terms we 
may call the most abundant mineral of the earth ; clay 
(itself, however, a compound rather than a distinct mine- 
ral) ; carbonates of lime and magnesia, as calcspar (lime- 
stone) and dolomite; sulphate of lime, as gypsum and 
anhydrite ; chloride of sodium, as rock-salt ; finally, coal 
and iron-ores. 

Gypsum (or anhydrite), salt, coal, and iron, usually 
form distinct and separate beds of comparatively small 

s 2 
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extent: the principal and most important sedimentary 
rocks are composed chiefly of the first-named of the above 
minerals, quartz, clay, and carbonate of lime (or magne- 
sia). They may be accordingly divided into argillaceous 
rocks, calcareous rocks, and quartzose rocks. The marl 
rocks occupy an intermediate place between the calca- 
reous and argillaceous. The quartzose rocks may be 
divided into the arenaceous or sandstones, and the con- 
glomerates, to which we may add certain other fragmental 
rocks containing less quartz, usually termed tufa or tuff. 

The material for all these several rocks was mostly 
derived from the disintegration of more ancient previously 
existing rocks. The igneous rocks, by the decay of theiir 
felspar, hornblende, augite, and mica, have supplied th© 
following substances towards the formation of the sedi — 
mentary rocks: — argillaceous mud, and weak solutions 
of lime, magnesia, silica, potash, soda, oxide of iron^ 
their quartz has furnished grains of sand ; in some case^ 
their mica has remained undecomposed, and is found a^ 
mica in minute laminsB in the sedimentary rocks. Th^ 
older sedimentary rocks have also in process of time be — 
come disintegrated, and have furnished similar materials 
to form the more recent, and every solid rock has at times 
furnished pebbles, and other fragments for the formation 
of conglomerates. 

The several sedimentary deposits have been divided 
into so-called formations, according to the order of their 
superposition, and consequently of their age, and these 
again have been gathered into groups, which answer to 
longer periods of deposit. 

It may therefore be useful here to present the following 

TABLE OF GEOLOGICAL PERIODS.* 

CHecent Formations of every kind. 

Mud, sand, gravel, calcareous and volcanic tuff, coral reefs, 
bog iron-ore, turf, peat, &c., guano, infusorial beds. 

Pleistocene, or Post-PUocene Formation, 

Diluvial or glacial deposits, loam and breccias of bone- 
caverns, brick-earth and fluviatile loam or loess, vaUey 
gravels, bog iron-ore, calcareous tuff, coral-reefs, &c. 

* In different countries these are somewhat differently divided and 
named. 
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EN0LAKD. 

Pieioeene JFortnationa. 

Ked and coralline crag. 

Miocene Formations, 

Absent in England. 

Eocene Formations, 

nuvio-marine strata of Isle of 

Wight and Hampshire. 
Bagshot series. 

London clay and Bognor beds. 
Plastic clay or Woolwich and 
Keadin? beds. 
L. Thanet beds. 

Creiaceous Formations, 

White chalk with flints. 
White chalk without flints. 
Chalk marl. 
Upper greensand. 
Gault. 

{Lower greensand orneocomian. 
Speeton clay. 

Wealden beds, weald clay, and 
Hastings sand. 

Oolitic or Jurassic Formations, 
Purbeck beds. 
Portland beds. 
Kimeridge clay. 

Coral rag. 

Oxford clay. 

Combrash. 

Forest marble and Great or 

Bath oolite. 
Fullers' earth. 
Inferior oolite. 
Upper lias sand and clay. 
Marlstone or middle lias. 
Lower lias day and limestone. 

Triassic Formations, 

Penarth or Rhsetic beds. 
Dolomitic conglomerate. 
Red marls with rock-salt and 

gjrpsum. 
White and brown sandstones 

(waterstones). 
Red and mottled sandstones, 

pebble-beds of conglomerate. 



GEBMANY. 

Ajralo-Caspian deposits. 

Molasse formation of the Alps 
— ^Tegel, near Vienna. 

Browncoal formation in North 
Germany. 

- Nummuliten formation. 
Flysch formation. 



Maestricht beds. 

Turonien, quadersand, planer. 
Cenomanien. 
Albien, aptien. 
Hils-formation. 

Deister formation. 



White Jura. 

Lithographic slate of Solen- 
hofen. 



Brown Jura. 



Black Jura. 



Keuper. 

Kcessen or Upper St. Cassian 
beds. 



Muschelkalk (absent in Eng- 
land. 
Buntsandstem. 
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ENGLAKD. 

Dt/as or Permian Formations, 

Red marls and magnesian 

limestone. 
Lower sandstone. 

Carbofiiferous Formations, 
Coal-measures. 
Millstone grit. 
Carboniferous limestone 
Lower limestone shale. 



GERMANY. 



Zechstein formation. 

Kupferschiefer. 

KotHliegendes. 



Steinkohlen formation. 

Flotzleerer sandstein. 
Kohlenkalkstein. 
Kohlen formation of Htd- 
nichen, or kulm. 



Devonian Formations (Old Red Sandstone). 



Dartmouth slate group. 
Plymouth group. 
Liskeard or Ashburton 

group. 
Old red sandstone. 



Cypridinenschiefer, or 

Kramenzelstein. 
Stringocephalen-Kalk. 
Calceolaschiefer. 
Spiriferen-Sandstein and 

Schiefer. 



Silurian Formations, 

Ludlow group "j 

Wenlock group > 

May hill group J 

Lower Llandovery beds 

Caradoc sandstone and Bala beds 

Llandeilo flags 

Lingula flags 

Cambrian Formations, 

Gritstone, sandstone, and slate, with few or no organic 
remains. 

Laurentian rocks of Canada and the north-west of Scotland. 

Below the sedimentary rocks are usually found the 
crystalline schists. 

The entire series of formations is, however, never to be 
found in any one locality. 

The mere geological age of deposit does not inform us 
of the nature of the rock, nor can we, on the other hand, 
from the petrographic character arrive at its geological age. 
Both attributes are to a certain extent independent of each 
other. No kind of rock is restricted to any particular 
period, and although there exist some very general diflfer- 
ences between the rocks of recent and ancient deposit, yet 
even these do not prevail universally. 
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The argillaceous rocks were originally nothing but 
sediments of clayey mud, with some admixture of fine 
quartz-sand, flakes of mica, hydrated oxide of iron, and 
organic remains. These materials, by a slow process of 
transmutation and mechanical consolidation, have ulti- 
mately become solid rocks, some of them carboniferous or 
bituminous. 

The principal rocks of this group are clay-slate, argilla- 
ceous shale, claystone, clay, and mud or silt (loess), with 
their several varieties. To these we must also add the 
marl rocks. 

To arrange these rocks according to the order of their 
origin and development, we should begin with the clay 
and loess, from which (perhaps by the simple agency of 
pressure) claystone, argillaceous shale, and clay-slate have 
been successively formed ; the several varieties of these 
rocks being occasioned by the accessory admixtures con- 
tained in the original compound. 

In the present treatise the order is inverted, and the 
metamorphic rocks having been already described, we most 
naturally pass first to those of the sedimentary rocks which 
are nearest to them, i. e., the most changed, taking the 
newer formations last. 

We cannot draw a sharp distinction between argilla- 
ceous mica-schist, clay-slate, and argillaceous shale, but 
the extreme or ideal development of each of these stages 
of transmutation has a marked character, distinct from the 
others. Characteristic argillaceous mica-schist is still 
somewhat crystalline ; clay-slate is not crystalline, and in 
fracture it is dull, but yet firm, and has a perfect slaty 
cleavage; characteristic argillaceous shale, on the other 
hand, is soft or flexible, separates along the lamination 
instead of by slaty cleavage, and is more obviously an 
earthy aggregate. Argillaceous mica-schist frequently 
contains various crystalline accessory minerals, but genuine 
clay-slate much more rarely, and of fewer kinds ; argil- 
laceous shale at the most only occasionally contains some 
pyrites. 

30. CLAY-SLATE. 

Thonschtefbr. {Germ,) 

SCHISTE ARGILEUX, SCHISTE AEDOISLEB. (JR*.) 
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A compact fissile rock of a dull hlue-grey^ bright red^ 
pui'plcy greeUy or Mad colour ; consists chiefiy of clay ; 
sometimes with accessory admixtures of quartz, mica, 
and other minerals. 

The slaty cleavage is usually very perfect, and only 
occasionally coincides with the original lamination of 
the rock. 

Spec^v 2-5— 2-8 

Contains silica 40 — 75 

The characteristic feature of clay-slate as distinguished 
from other rocks of the argillaceous group is that its slaty 
cleavage, frequently very perfect, is altogether inde- 
pendent of its original bedding, although in some instances 
(which we may regard as accidental) it coincides with the 
original lamination. Whether this slaty cleavage is due to 
pressure, or to some agency resembling the crystallising 
force which has acted on smaller mineral masses, has been 
a subject of debate since the time of Sedgwick, who first 
called attention to this important phenomenon. It is a 
question which is still unsettled, and which must probably 
so remain for some time longer. 

Varieties in Texture. 



(a) Common Clat-slate. 

Oemeiner Thonschiefer. (Oerm.) 

ScmSTB ARGILEUX COMMUlf. (Fr.) 



With perfect or imperfect 
cleavage, very variously co- 
loured, and often rich in ac- 
cessory minerals. It contains, e. g., quartz, in irregular masses 
(or swellings), or lenticular masses, or in veins ; pyrites, in 
crystals or nodules, &c. Sometimes its slaty cleavage is much 
distorted. It is very frequent in all districts of the transition 
period (greywack^) in Germany. 
(6) Roofing Slate. ] The name given to the purest 

^^^1^^^^ wiZT^ r ^^^^^^i* ^^ clay-slate, whose cleav- 
ScHiOTE ABDoisiKRr^cifr.) ^^ ^f Very perfect and smooth, 
^ allowing of their being split into 
very thin plates, which nevertheless retain a high degree of 
firmness and solidity. A dark- coloured variety, containing an 
admixture of carbon, is termed in Germany Tafelschiefer. 

Roofing slate, with a view to its fitness for the purpose its 
name indicates, should be free from accessory crystallised in- 
gredients. North Wales, Lehsten in the Thuringian Forest, &c. 
(c) PencHi-slate, Pinsill ^ A clay-slate of pure composition, 

soft, but withal firm; separated or 
separable into pencils (the slaty clea- 
vage crossing the planes of lamina- 
tion), and used for writing on slate. 
Found in North Wales, Sonnerberg in the Thuringian Forest, 
and other slate districts. 



or Pencil. 

Q-BIFFBLSCHIEFER. (Oerm.) 

Amp^litb obaphique. 
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Varieties in Composition, 



(d) Whetslate, Whetstone, Hone, 
Oilstone, Noyaculite. 

Wetzschikper. Oerm. 

8CHI8TE BUJCEUX (NOVACULAIBE), De 

Charpentier. {Fr.) 



This is a very highly sili- 
ceous clay-slate, perfectly 
compact and homogeneous. 
Usually only indistinctly 
of slaly cleavage, and its 
fracture often conchoidal and even splintery. Used wr sharpen- 
ing knives and other instruments. E. g. Wales, Devonsfce, 
Katzhiitte in the Thuringian Forest. 
(e) Caebonaceous Clay-slate. ) Passes into alum-schist and 
Kom^^cHER Thonschiepeb. I ijiack chalk (Zeichnenschiefer), 
ScmsTE HouiLLBB. (Fr.) f see p. 257, ante. 

( /*) Akenaceous Clay-slate. \ Passes into argillaceous sand- 
Sandioer Thonschiefee (Grau- \ stone. By the Germans it 
WACKEN8CHIEFER). (Oerm.) ) j^ frequently termed grey- 
wack^-slate, from its occurrence in the transition or greywack^ 
formations. 
(<7) Micaceous Clay-slate. ] Differing from clay- 

GuMMERREicHER Thonschieper. (G^rm.) \ mica-schist, in that the 
ScmOTE mcAcfi (paillei*). (Fr.) ) ^^^^ ^^ ^^^^ ^ ^^.j. 

dently only mechanically dispersed. This variety also passes 

in Germany under the name of greywack^-slate. 

(h) Calcareous Clay-slate. ] Containing numerous lenti- 

KALKKNonoER Thonschieper (Kra- I cular or irregular nodules 

menzei^tein). iOerm.) j ^^ Hmestone (which fre- 

(]^uently owe their origin to fossils) ; passes over into nodular 

hmestone. 

The varieties which we have already described under 
the head of argillaceous mica-schist we find repeated in 
the clay-slate, and accordingly we have : — chlorite-slate, 
talc-slate, sericite-slate, ottrelite-slate, chiastolite-slate, 
nodular and spotted or mottled slate, alum-slate, and 
carbonaceous slate. 

Clay-slates are usually very distinctly stratified, although 
their slaty cleavage does not in general correspond with 
the planes of their stratification. 

Clay-slates are not confined to one geological period of 
formation ; the genuine clay-slates, however, usually only 
occur in the older formations, viz. the transition or grey- 
wack^. In the newer formations shales are usually 
found. Nevertheless there are exceptions to this rule; 
in the Alps there occur genuine roofing slates, also com- 
mon arenaceous and micaceous clay-slates (Grauwacken- 
schiefer) belonging to the Chalk and even to the Tertiary 
periods. 



Matterebscuiefer, Hetr. 
(Germ.) 

SCHLBTTE BAHN^ (LUISAKT). 

(Ft.) 
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Geological Varieties. 

(1) Glaeijs Slate. \ A genuine clay-slate, in part a 
"' ~ roofing-slate, occurring in Switzer- 
land, belonging to one of the Ter- 
tiary periods. 

(2) Ctpeis Slate. ^ A clay-slate with Cypridints, the 

CYPRiDnrERscHiEPER. (Germ.) [ upper member of the Devonian 
ScmOTE 1 CYPRiDDns. (Fr.) ) formation at the Rhine and Hartz. 

(3) WissENBACH Slate. | x clay-slate of the Devonian 

Wksenbacherschiefer. ((ytfrw*.) r /• «^^xf^^ ^a. xl,^ XI„»4.„ 

scHiOTEDEWissENBACH. (Fr.) ) formatiou at the Hartz. 

(4) Calceola Slate. ) ^ ^^^^ ^^ sometimes calcareous 

Calceolaschiepbr, (Germ.) \ clay-slatft of the Devonian forma- 
ScmfiTE 1 CALcftoLBs. (Fr.) f tion at the Hartz. 
(6) GRETWACzi:-SLATE. ) An arenaceous and usually mi- 

Grauwackexschiefer. (Germ.) [ caceous clay-slate of the transi- 

GRAUWACKB 8CHIOTEU8E. (Fr.) ) tioU peHods. 

(6) GraptoLite Slate. ^ ^V clay-slate, or sometimes a si- 

Graptolttenschieper. (Germ.) I liceous slate (Ivdian-stone) with 
ScHisTTK 1 Graptolttes. (Fr.) J Graptolites, belonging to the Si- 
lurian formation. 



31. AKGILLACEOUS SHALE, SHALE. 

Schieferthon. (Germ.) 
Arqile schisteuse. (Fr.) 

A laminated clay-rock whose Jissile texture is due to its 
original stratification and not to slaty cleavage. In 
other respectSy similar to clay-slate. Shale and clay- 
slate pass into each other, and many shales show a 
tendency more or less decided towards a slaty cleav- 
age. Shales are usually more recent, geologically 
speaking, than the genuine clay-slates. 



Varieties in Texture. 



(a) Common Argillaceous Shale. 

Gemeiner Schieferthon. (Germ.) 
Argilb scmsTEUSB commune. (Fr.) 



Is only a softer, less firm, 
and more earthy variety of 
. clay-slate without its cleav- 
age, but laminated according to the plane of its original 
deposition. It is often mixed with quartz grains and with 
flakes of mica. 
(b) ScHiEFERLETTEN (of German geologists) is a modification of 
the usual argillaceous shale in which the clay is still some- 
what moist, and the rock therefore is somewhat plastic and 
greasy. 
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Varieties in Composition, 

(<?) BiTTTMiNOTJS Shale. ) Of dark-brown colour, pass- 

Bttdminoser ScHiEFERTHON. (Germ,) f inff into Brandschiefer. 
ScmefTB BiruioNEnx. (Fr.) ' ° 

{d) Carbonaceous Shale, Cakboniferous 
Shale (Batt or Bass, Kelve). 

KOHLENSCHIEFBR. {Oerm.) 

SCHISTB HOUILLBB. {Fr.) 



Dark-grey to black, 
from admixture of 
carbonaceous matter ; 
frequently arenaceous 
or micaceous. When many fossil plants occur in the rock, it is 
sometimes called in Germany Krauterschiefer. This rock es- 
pecially belongs to the Coal formation. 



Yellow, red, violet, or green, 
according to the different degrees 
of oxidation of the iron which it 
contains. 
(/) Arenaceous Shale. ) Passing into argillaceous sand- 



(e) Variegated Shale. 

BUNTBR SCHIKPERTHON OdCT 

ScHiEFERLBrTEN. (Qerm.) 

SCHISTB BIGARRB. {Fr.) 



SANDIOER i 
ScmSTB SABLEUX. 



'. ScHiEFERTHON. {Germ.) \ stone. 

lABLEUX. {Fr.) ' 

(g) Micaceous Shale. ) Corresponding with mi- 

GUMMERREICHBR SCHIEFERTHON. {Germ.) f CaCCOUS ClaV-slate. 

SCHISTB incAcfi. {Fr.) ' ^ 

(h) Calcareous Shale. ) Slightly effervescing with 

Mbrgelioer Schiepkrthon. {Germ.) \ acid: passinff into calca- 
ScmsTE MARNEux. {Fr.) ) reous slate.* 



Geological Varieties. 

(1) Flysch, an arenaceous and micaceous shale, sometimes approach- 

ing the state of a clay-slate. Eocene in the Alps. 

(2) FucoiUAL Shale ) With remains of Fucoids. Eocene 

FucoiDENscHiEPKR. {Germ.) \ and older in the Alps and Carpa- 

SCHIffTB 1 FUCOlDES. {Fr.) ) ^'UZ^j.^ 

(3) RoETH, a term employed by the German geologists for a varie- 

gated arenaceous shale, '^^hich occurs imbedded between the 
Muschelkalk and variegated sandstone (Thuringia). 



* 'The colliers* and quarrymen's terms for shale are bind, blue- 
bind, metal, plate, &c. j when very fine and containing a large pro- 
portion of carbonaceous matter, the collier calls it batt or bass, the 
geologist carbonaceous (or bituminous) shale, and the coal merchant 
often slate. Li Scotland the collier's term for shale appears to be 
blaes or blues, the shale being often bluish-grey ; when lumpy they 
are called lipev blaes. Black argillaceous shales or '^ batts " are 
called '* dauks. Fekes or grey fekes seem to be sandy shales such as 
would be called rockbinds in South Staffordshire (see Williams' 
** Mineral Kingdom.") In the South of Ireland, carbonaceous shale is 
called Mlve, and indurated slatjr shale is termed '•pinsill " or "pencil," 
as it is often used for slate pencils.' — Jukes. 
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(4) Werpner Schiefer, a shale, usually arenaceous and micaceous, 

occurs in the Alps in strata, which there represent the varie- 
gated sandstone formation. 

(5) Carboniferous Shale or Slate. ] This is a geological 

KoHLBNsouiKFEu (EjtAUTBNscui£FER ) . (Germ.) I desliniation applied 

SCHlSTEKTARGlLBCARBONIFfeRKS. (/T.) j ^ ^ shaleS of the 

Coal formation, whether or not they actually contain carbon 
(see ante, e), 

(6) PosiDONOMTA Shale. ] A dark-coloured shale of the 

P08IDONOMTEN8CHIEFER. (Germ.) I Carboulferous formation fthat 
ScmsTEXPosmoNOMYEs. iFr.). ) of the Lias formation is a bitu- 
minous marl-slate). 

(7) Wenlocx Shale. Silurian formation, England. 

The following relate chiefly to chemical analysis of clay- 
slates and argillaceous shales. 

Heferences, 

O. X. Erdmarm, Thonschiefer in Thuringen, Joum. f. techn. 

Chem. 1832, vol. xiii. p. 114. 
Frick, Thonsch. in Thiir. am Harz in Westphalen, Poggend. 

Ann. 1835, vol. xxxv. p. 193. 
Pleiachly Thonsch. in Bohmen, Journal f. prakt. Chemie, 1844, 

vol. xxxi. p. 46. 
Delesse, Thonsch. in den Vogesen, Ann. des Mines, 1847, [4] 

vol. xii. p. 303 ; 1853, [5] vol. iii. p. 747 j and Bullet, de la Soc. 

g^ol., [2] vol. X. p. 562. 
ForchhammeTy Thonsch. v. Christiania, Oversigt over det K. 

Danske Viaensk Silesk Forhandlinger, 1844, p. 91. Joum. 

f . prakt. Chem. 1845, vol. xxxvi. p. 394 ; and on Bomholm, 

Berzelius, Jahresber. 1844, [25] p. 405. 
DaMj Thonsch. bei Christiania, Nyt. Mag. f. Naturv. 1848, [51 

p. 317. 
Kjendf, Thonsch. bei Christiania, in Christianias Silurb. 1855, 

p. 34. 
Jwanhoio. Thonsch. bei Christiania, M^m. Acad, de St. P^tersb. 

1859, [6] p. 325. 
Wilson, Thonsch. in Schweden, Phil. Mag. 1855, [4] p. 114; 

p. 417. 
K. V. Hatter, Thonsch. in Steiermark, Jahrb. d. geol. Reichs- 

anst. 1854, pp. 362 and 869. 
Fer/en8ttk,W ermer Schiefer, Jahrb. d. geol. Reichs. 1855, p. 852. 
Sauvage, Ardennenschiefer, Ann. des Mines, 1845, [4] vol. vii. 

p. 420. 
Lid, Tannusachiefer, Ann. d. Chem. u. Pharm. 1852, vol. 

Ixxxi. pp. 192 to 260. 
Kayser, Thonsch. von Clausthal, v. L. u. Br. Jahrbuch, 1850, 

n.682. 
Schnahel, Amelung and v. d. Mark, in den Verhandl. d. naturh. 

Ver. d. pr. Rheinlande, 1851, pp. 10, 56, and 127 ; 1853, p. 

127; and 1855, p. 122. 
Rissej Geol. Beschr. d. Gegend von Baden, 1861, p. 47. 



ARGILLACEOUS GROUP. 269 

32. CLAY and LOAM. 

Thon imd Lehm. (Germ.) 
Aegile. (IV.) 

These are earthy deposits chiefly consisting of clai/y and 
when moist are more or less plastic. 

Loam or lehm is a word of German origin ; between it 
and clay there is no sharp distinction. The purest and 
therefore the most plastic varieties are called clay (also 
potter's clay or pipe-clay). They are usually white or 
greyish-blue, but sometimes yellow, red, or greenish, 
or (if containing carbon) even black. Those varieties 
which contain much fine sand and hydrated oxide of iron 
are called loam (in Germany, Lehm), and the iron usually 
gives them a yellow or brownish colour. 

Varieties in Composition, 

(a) Clay. ) The purest varieties are white or light-bluish 

Thon. {Genn.) j. grey, and are very plastic. These are called 
RGiLE. ( r.) j pQ^i^p'g (jij^y Qj. pipe-clay. Those containing 
much silica or fine sand are callea iire-clay ; those containing 
bitumen, bituminous clay; some are vaiiously coloured by 
different oxides of iron, ancl are then termed vanegated clay. 
(h) Loam. ) Contains more or less sand, flakes of mica, and 

Lehm. {Germ.) J guch like admixtures ; is coloured by hydrated 
oxide of iron, and is therefore less plastic than clay, almost 
earthy and yellow or brown in colour. It sometimes even con- 
tains small crystals of felspar (Glasurlehm of the Germans) ; 
or it contains particles of hme, marly loam (Mera^ellehm) ; or 
nodules of marl (LosskindelnJ) j nodules of pyrites (KiesknoUen) ; 
microscopic shells, &c. If it contains a very large proportion 
of hydrated oxide of iron, then it passes over into yellow ochre 
(Gelberde), which is used as a colouring matter. 

'" A clay containing chloride of sodium, 

sometimes with dfistinct grains or crys- 
tals of this salt ; usually occurs together 



(c) Saliperotjs Clay. 

Salcthon. {Germ.) 
Abgile sauf&ke. {Fr.) 

with rock-salt. 



The following are the geological terms of certain 
2lays : — 

(1) Loess, or Dlluvial Loam. \ Frequently somewhat calcareous 

L^^i^^DiLuviEN. {Fr.) j with marly nodules (Losskindeln). 

(2) Tile ob Brick Earth. ) A Miocene or Neogene deposit of clay 

Tbqel. {Germ.) J in the Vienna basin. 

(3) Browncoal Clay. ) Usually white. Miocene in North- 

Braunkohlenthon. {Germ.) j" em Germany. 
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(4) Septarian Clay. > Containing septaria of lime, in North- 

Skptariknthon. (Germ.) [ em Germany Miocene (or Eocene). 

(5) Barton Clay. Hampshire, Eocene. 

(6) BoGNOR Clay. Eocene of the Hampshire basin. 
^7^ London Clay. Eocene in the London basin. 

(8) Plastic Clay. | Eocene in the Paris basin. 

Argile PLAfirnQUE. . (Fr.) j 

(9) HiLS Clay. ) In the Hils formation (Wealden) of West- 

HiiOTHOK. (Germ.) I phalia. 

(10) Speeton Clay, in the Lower Greenisand formation of England. 

(11) Weald Clay. ,^ I In the Wealden formation of Sussex. 

Argile wkalddenne. (Fr.) ) 

(12) Ornaten-Thon. (Germ.) With Ammonites omatus in the Jura 

formation of Swabia. 

(13) Opalintj8-Thon. (Germ.) With Ammonites opaJmus in the 

Brown Jura of Swabia. 

(14) Kimeridge Clay. ^ ^ I In the Jura formation of England. 

ABOIIiE KIMMJfeRIDIENNE. (Fr.) ) ° 

(15) Oxford Clay. ,„ I In the Jura formation of England. 

Argile oxpordienne. {Fr.) ) ° 

(16) Amaltheen-Thon. (Germ,) With -4mmow«fe« ama&AcM«, in the 

Liaa formation of Swabia. 

(17) Turneri-Thon. (Germ.) In the Lias formation of Swabia. 
(18; Miacyten-Thon. (Germ.) Containing iMyacti^e«, and frequently 

also remains of plants, the lowest branch of the Keuper forma- 
tion in Thuringia. 

As clay loses its plasticity when subjected to a strong 
pressure, especially if accompanied by high temperature, 
the plastic clays are chiefly confined to the recent forma- 
tions : the older clays have doubtless been converted into 
argillaceous shale, clay-slate, or claystone. There can 
be no doubt that all these rocks originally were mud 
deposits. 

Literary references on the subject of clay and loam 
appear unnecessary. 



33. CLAYSTONE and HARDENED CLAY. 

Thonstein, Oder verhabteter Thon. (Germ.) 

A compact and tolerably solid mass, chiefly consisting of 
clay, not slaty ; its fracture earthy ; very variously 
coloured. 

The rock designated by this name is not always an 
actual sediment, but sometimes a product of the disintegra- 
tion of felsitic rock. The nature of its origin is generally 
only to be determined by its geological position and sur- 



MARL GROUP. 271 

roundings. The sedimentary claystones are always stra- 
tified sometimes in very thin layers, white, yellowish 
grey, red-brown, greenish, or brownish, sometimes with 
variegated stripes or spotted. They sometimes contain 
nodules of pyrites, flakes of mica, impressions of plants, or 
petrified parts of plants. 

We have already said that the distinction between the 
sedimentary claystones and certain weathered felsitic 
rocks is sometimes diflScult. In like manner it is fre- 
quently difficult to distinguish the former from certain 
tuff rocks, e. g. from porphyry-tuff, which indeed is very 
often called claystone, especially in England; but the 
genuine sedimentary clay rock seems to have at least as 
good a title to the name. 

MARLS. 

These are closely allied to the clays, standing between 
them and the limestones. They are in fact compounds of 
clay and carbonate of lime, and also sometimes contain 
carbonate of magnesia ; they likewise frequently contain 
fine particles of quartz, flakes of mica, oxide of iron, 
bitumen, or carbon. According to their state or texture, 
they may be divided into the slaty, the compact, and the 
earthy varieties ; according to the predominance of one or 
other of their ingredients, they may be further divided 
into the calcareous, dolomitic, arenaceous, micaceous, fer- 
ruginous, and bituminous. Of carbon they only contain 
very subordinate quantities, serving as a dark colouring 
matter. 

The original state of these rocks, like that of the clays, 
was a muddy sediment somewhat more various in its 
character than in the case of those rocks. The same 
process of pressure has consolidated them into firm, rocky, 
slaty, or soriietimes bituminous masses. 

The processes of animal and vegetable life have even 
participated in the formation of some of these rocks to the 
extent of contributing their calcareous and bituminous 
ingredients. The calcareous ingredients often show traces 
with the microscope of organic remains. Marls as well 
as clays occur in the deposits of almost every geological 
period; and as to the diJerence between those of different 
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periods, we can only in general terms say that the older 
varieties are usually slaty or fissile, whereas in the more 
recent deposits earthy varieties more frequently occur, 
but this is by no means a rule without exception. 

34. MARL. 

Meegel. (Germ,) 
;Marne. (ly,) 

A compound of clay and limey earthy, compact^ orjissiky 
usually soft; crumbles on exposure to air, effervesces 
with acid. 

Marl is a compound of clay and lime or dolomite, but 
its ingredients are blended together and cannot be dis- 
tinguished except by chemical agents. The proportion 
of lime or dolomite varies from 10 to about 50 per cent 
Outside of these limits the rock ceases to be marl, and does 
not crumble on exposure to the air. It will then either 
be a clay or a limestone. 

The most frequent colour is grey, but marl is sometimes 
yellow, brown, red, violet, bluish, or greenish. 

Varieties in Texture, 

(a) Marl-Shale. ] In fresh state very similar to argil- 

MERGKL8CHIEFKR. (Oerm.) I lacBOus shale, but crumbles on ex- 



) posure to the airj frequently con- 
tains much quartz, sand, mica, or bitumen. 



Without distinct fissile 

. slaty structure, similar to 

claystone, but falls to 

pieces on exposure to the 



(b) Compact Mabl, or Marlstone. 

DiCHTER MEROEL, VERHARTETER MERGEL, 

Stetkhergel, Oder Msrgelstein. 
(Oerm.) 
Marnb compacte. (Ft.) 

air. Admixtures of quartz and mica or bitumen similar to 
marl-shale. A modification of compact marl, separates into 
small conical concretions (cone in cone). Germ. Tuten-Mergd. 

(c) Earthy Marl. ) In its dry state resembles clay, but 

Erdiger mergel. iOerm.) f is not plastic when wet. Its ingre- 
dients are the same as those of the other marls. 

Varieties in Composition, 

(d) Calcareous Marl. ) ^jth much carbonate of lime in its 

I^^^SSLxbL^^)'! composition. 

(e) DoLOMiTic Marl. ] With dolomite, and usually also 

DoLOMTTMERGEL. (Germ.) \ with carbonate of lime. The dif- 

MARNEMAQKfiSIENl.E. (Fr,) ) ^^^^^^ ^^^^^^ ^^ ^^ ^^^ ^ 

only be determined by chemical analysis. 
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(/) Abgillaceous Marl. ) With little carbonate of lime or dolo- 
Thonmbrgel. {Germ.) \ mite ; forms transitions into clav, clav- 
MARNE ARGILEU8B. (/v.) ^ stone, OP BTgillaceous shale. 

(a) Arenaceous Marl. ) 

sandmergbl. {Oerm.) \ "With much sand, 

MARNB SABLEU8B. (/V.) ) 

(h) Micaceous Marl. "j i-, . • i. • 

glimmermergel. (Germ.) \ Contains much mica. 

MARNB MICACfiE. (Fr.) J 

(e) BiTUicrNOUS Marl. ) Usually in the form of shale, al- 

BiTUMiNosER Mergel. (Germ.) | wavs aark-coloured bv reason 
MARNE BITUMIXEU8E. (Fr.) i ^^ ^j^^ ^-^^^^^^ sometimes even 

black. To this belong the so-called Oelschiefer (oil-slate) and 

Kupferschiefer (cupiferous slate) of the Gennans j the latter is 

distinguished by the quantity of copper which it contains. 

(A*) Glauconite Marl. \ With much glauconite in its compo- 

Glaukonttmergel. (Germ.) I sition, and by it coloured green. The 

MARNE GLAU0ONIEU8E. (Fr,) | ^^^{ ^^^^ ^^CU CXaU^Cd Uudcr 

the microscope, appear mostly to proceed from the shells of 
microscopic Foraminiferae. 
(I) Gypseous Marl. \ ^ marl penetrated by stringy veins of 

Besides the above-mentioned varieties of composition, 
some marls have been named according to their geological 
position ; e. g. : — 

(1) Sub-Apennike Marl. ] ^„ . __ _ , 

subapenninen-meroel. (Germ.) \ Pliocene m Upper Italy. 

MAHNE 8UBAPENNINE. (Fr.) J 

(2) Ctrenian Marl. ] With many Cwrenes : Miocene, in 

Cyrenen-Mergel. (Germ.) \ xi^ MavpnrA hasnn 

marne a CYRftNEs. (Fr.) ) ^^e mayence oasm. 

(5) Chalk Marl. ) in the Chalk formations of England 

S^2S^^8E.^^(!P?!j^ land Westphalia. 
(4) Planer Marl. \ ^^ the Quadersandstone formations of 

Planermergel. (Germ.) ^ Saxony and Bohemia. 

(6) Folkestone Marl. I in the Gault formation of England. 

Marne du Gault. (Fr.) > 

(6) Speeton Marl^ belonging to the Lower Greensand formation of 

England. 

(7) Forest Marl. _ I In the Lias formation of England. 

CaLCAIRE MARITEUX. (Fr.) ' ° 

(8) Lias Slate. ] A bituminous marl-slate of the Lias 

liasschiefer. (Germ.) I formation, sometimes called Oel- 
ScmfiTTE LiAHiQUE. (Fr.) J g^hiefer. 

(9) JuRENSis Marl. ) With Ammonites jurenm, in the 

JuRENffls-MERGEL. (Germ.) ) Lias formation of Swabia. 

(10) PosiDONOMTA Slate. ) A dark bituminous marl-slate 

PoaiDONOMTEN-ScHiEFER, (Germ,) j. of the Lias formation of Swa- 
ScHisi^ A PosiDONiBs. (Fr.) J ^.^ ^^^ ^^y Foddmomya. 

T 
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(11) NuMMiSMALTA Marl. > With TercbroMi numnUgmalttt 

NuMMisMAus-MsROEL. (Oerm,) ) in the Lias formation ofSwslxt. 

(12) Belemnite Marl. | A dark bituminous marl-slate in 
Bklkmnitknschiefer, (Germ.) i the Lias formation of Swabia, 



Marne a. Belemnitbs. 



{uerm.) >• 



with many Belemmtes, 



(13) Spotted Marl, or Algaf Slate. ) In the formation 
' Flkckknmbrokl, Oder Aloauschikfer. {Germ.) ) of the Northeni 

Alps answering to the uppermost Lias. 

(14) Ketjper Marl. ) chiefly variegated in colour, fie- 
Kr?^S.^f^-^ [qiiently with gypsum. 



(16) Partnach Slate, or Bactrillian Slate. 
PARTKACHscnaiKFER Oder Bactrillienschiefer. 
{Germ.) 



A marl formation 
with thick slaty 
cleavage, which in 

the Northern Alps is found in part answering to the Keuper 

formation. 

(16) Bituminous Marl-slate. ) Of the Zechstein foima- 

B1TUMIN08BR Mbrgelbchiefer. {Germ.) i tion of Thurimna. 

(17) Copper Slate. ) Is a bituminous marl-slate of the 

KuppERscHiEPER. {Germ.) j Zechstein formation of Thuringia, in 
which various sulphurous compounds of metals are contained. 
These sulphur compounds, besides their copper, contain iron, 
silver, leaa, cobalt, nickel, &c. 

It will hardly be necessary to add anything respecting 
the occurrence of marl in nature, nor to refer to literature 
on the subject. 

LIMESTONE GROUP. 

(Limestone, Dolomite, Gypsum, Anhydrite.) 
Pure limestone is an aggregate of particles of calcspar : 
it therefore consists of carbonate of lime. Pure dolomite 
or magnesian limestone is an aggregate of particles of the 
mineral dolomite or bitter-spar : it is therefore a car- 
bonate of lime and of magnesia. Gypsum is a sulphate 
of lime combined with water ; anhydrite is gypsum with- 
out water. 

Rocks consisting of pure limestone or dolomite rarely 
occur in nature. What we chiefly find are rocks of in- 
termediate character, which we may regard as transitions 
between the two extremes ; in other words, all limestones 
are more or less magnesian, probably consisting of an 
intimate compound of the two minerals, calcspar and 
bitterspar. 

These rocks likewise usually contain other admixtures 
in small quantities ; e. g. clay, silica, oxides of iron, or 
bitumen. The presence of such minerals occasions many 
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varieties in colour as well as composition ; there are also 
many modifications in texture, so that the limestones 
present us with many very dissimilar rocks. 

It is not always easy or possible without analysis to dis- 
tinguish limestone from dolomite, even if pure, still less 
to determine the various rocks of intermediate character. 
Many rocks have been long held to be limestone which 
later chemical analysis has shown to be dolomite. Never- 
theless, the distinction is important enough to be pre- 
served, although it may be diflScult always to apply it.* 
We are compelled to create an arbitrary boundary by 
determining how great a percentage of magnesia should 
entitle a rock to be called a dolomite. The mineral dolo- 
mite contains about 45*7 per cent, carbonate of magnesia 
to 54*3 per cent, carbonate of lime. We may therefore 
halve the 45*7 per cent., and say that all rocks contain- 
ing more than 23 per cent, carbonate of magnesia should 
be called dolomites, and those containing less than that 
amount retain the name of limestones. Some such divi- 
sion must be agreed on for purposes of classification, 
although otherwise of little scientific value. 

The general difference between characteristic forms of 
the two rocks may be briefly stated as follows : — 

LIMESTONE. DOLOMITE. 

Hardness . . 3* Hardness .... 3*5 

Spec. prav. . 2-6--2-8 Spec, grav 2-8— 2*9 

Crystalline-granular lime- The crystalline-granular and sac- 
stone seldom occurs except charoid varieties of dolomite occur in 
between strata of crystalline sedimentary formations, as well as 
schists. between strata of crystalline schists. 

Many beds of limestone of Sometimes these varieties pulverise 

Silurian and carboniferous age to a crystalline sand, 
are coarsely crystalline ; as are, 
also, the limestone of some coral 
reefs and some stalagmites. 

Very often compact. Seldom quite compact. 

Frequently oolitic. Probably never oolitic. 

Lustre, when crystalline, Lustre, when crystalline, vitreous 

vitreous. to pearly. 

* The quicksilver mines of Idria are in dolomite rock, which 
adjoins and is intersected by limestone in many places; and the 
difference between the two rocks is there very important, as the ore 
is confined to the dolomite, none being ever found in the limestone. — 
Tbanslatoe. 

T 2 
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LIMESTONE. DOLOMITE. 

Effervesces strongly with Solid portions of the rock do not 
add. effervesce with acid. The powder 

effervesces, especially if heated. 

Its powder, when heated When its powder is heated on 
hefore the blowpipe on pla- platinum foil, before the blowpipe, it 
tinum foil, adheres together. tumefies and does not gelatinise. 

The circumstances under which these two rocks occur 
in nature are very similar. They both occur in a crys- 
talline-granular state, imbedded between strata of meta- 
morphic schists ; they both form strata in formations of 
various geological periods ; but in the sedimentary forma- 
tions the dolomites are frequently also found in a crys- 
talline-granular state, whereas the limestones, though 
often crystalline, are almost always compact, earthy, or 
oolitic. Deposits of genuine dolomites are never formed 
by springs, but limestones frequently. Limestones, again, 
are more frequently fossiliferous, and they are also more 
usually distinctly stratified than dolomites. 

Gypsum and anhydrite are not so extensively developed 
as limestone and dolomite; they are prevalent only in 
distinctly sedimentary formations, and are usually crystal- 
Kne, seldom distinctly stratified, seldom fossiliferous. They 
are often accompanied by rock-salt. In general they are 
much more free from foreign ingredients than either lime- 
stone or dolomite. 

35. LIMESTONE. 

Kalkstein. (Germ,) 
Calcairb. (I^.) 

A crystalline-granular y compact^ earthy ^ or oolitic ag- 
gregate oj calcspar ; effervesces strongly with acid^ 
easily scratched with the knife. 

Spec, gray 2'6— 2-8. 

Pure limestone consists of 56 per cent, lime and 44 
per cent, carbonic acid. It seldom occurs so pure in 
nature, but is usually more or less intimately combined 
with dolomite, alumina, silica, peroxide and protoxide of 
iron, bitumen, or carbon. By these ingredients its pro- 
perties undergo alteration, and there arise distinct varie- 
ties in composition when their quantity is considerable. 
The texture of the limestone rocks is likewise various, 
and gives rise to other varieties, to many of which sepa- 
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be names attach. Many limestones consist entirely, and 
ders partially, of the calcareous shells of animals ; and 
is very possible that this is the case with several whose 
iginal structure is no longer apparent. There are other 
aestones which are undoubtedly the product of chemical 
ecipitate of carbonate of lime from aqueous solutions ; 
d some that are the result of consolidation of calcareous 
id proceeding from the mechanical disintegration of 
ier limestones. 

In appearance, many limestones and dolomites much 
semble some siliceous rocks, or compact felsitic rocks, 
gypsum. But from these they may easily be distin- 
ished by the difference of their hardness, and by their 
fervescence with acids. 

Varieties in Texture, 



Granular Limestoitb. 

K5BNIGER KA.LKffrEiN. (Oerm.) 
CaLCAIRE SACCHAaOltDE. (Fr.) 



Including marble. A granular 
aggregate of distinct individual 
crystalline particles of calcspar. 
The grains vary in size from the almost invisibly small (nne- 
grained compact varieties) to the size of a nut (coarse- 
grained). Most usually the colour is white, but sometimes 
yellowish-grev, reddish, greenish, bluish, and even black. By 
admixture of dolomite it passes into magnesian limestone 
and dolomite. Granular limestone also contains other ad- 
mixtures, especially in its crystalline state, and these are then 
porphyriticidly disposed, as, for instance, mica, chlorite, talc, 
nomblende, pyroxene, garnet, vesuvian, felspar, chondrodite, 
couzeranite, chiastolite, epidote, zircon, titanite, spinel, corun- 
dum, quartz, fluor-spar, apatite, magnetic iron-ore, iron pyrites, 
zinc-blende, galena, copper pyrites, anthracite, and graphite. 
The rock a\&o contains geodes, nests, or veins, with fully 
developed crystals of calcspar, aragonite, bitteinspar (dolomite), 
asbestus, serpentine, &c. 

The following special varieties of granular limestone are 
occasioned by the occurrence of some of the above minerals in 
considerable quantity and characteristic form. 

(«f) CiPOLLiNO. 1 A granular limestone rich in 

C^LUN. io^rm.) I mica, by which a slaty texture is 

ouN. ( r.) J gQinetimes occasioned; goes over 

into calcareous mica-schist. Zaunhaus, near Alten- 

berg in Saxony. 

(/3) Anthraconite. \ The name given by v. Moll to 

'*^^^^f*'^^' ^^ 1 ^'^^"^ carbonaceous black granu- 

. ( erm.) j j^ limestones, which are usually 

only found in the form of nests, lentils, or veins in 

other rocks. To this class belongs the Lucullite of the 

ancients. 
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(7) Ophicalcitb. 

Ophicalcit. (Cferm.) 
Ophicalce, Brongniart 
{Fr.) 



The name given by Brong- 
niart to a compound of lime- 
stone and serpentine ; its tex- 
ture granular to compact. 
This is the Verde Antique of archseolo^sts. 

The name given by Brong^ 
niart to a compound of gra- 
nular limestone with garnet, 
pyroxene, or felspar, usually 



(^) Calciphtre. 

Calciphyr, (Oerm.) 
Calciphyrb, Brongniart, 
{Fr.) 

porphyritic. 
(t) Hemitrene. 

Hemttrkn. (Oerm.) 
HsMTTHRfeNB, Brongniart, 
(Fr.) 



A granular compound of 
limestone, hornblende, and 
grammatite. The varieties 
(y), (c), and (i) are probably 
always contact formations. 
(K) HiSLOPiTE. ) The name given by Samuel Haugh- 

HisLopiT. (Oerm.) i ton to a granular limestone occur- 
ring at Takli in the East Inmes. 
Granular limestone is of irregular massive structure ; it like- 
wise usually shows distinct traces of stratification, sometimes 
also a fissile texture ', it most usually occurs in subordinate beds 
between strata of crystalline schists, and is frequently itself the 
product of metamorphosis from compact sedimentary deposits 
of limestone. The form of its beds is sometimes very irregular, 
they assume a swollen shape, or resemble the dykes or vems of 
igneous rocks. It would seem as if the limestone, in the pro- 
cess of transmutation, had become softer than the surroimding 
schist, and that its mass had consequently been squeezed into 
the breaches and clefts of the latter. This appearance may 
be observed at Miltitz near Meissen, and at Auerbach near 
Heidelberg. 

In England and Ireland beds of crystalline limestone occur 
variously^ interstratified with the compact limestones of the 
carboniferous limestone series through a thickness of from 2,000 
to 3,000 feet. 

Granular limestone is also found at the margin of those 
igneous rocks which have broken through the compact or earthy 
limestones. Such may be observed at the Kaisersiuhl in 
Breisgau, in County Antrim and Island of Rathlin, Ireland. 
(5) Compact Limestone. \ The particles of calcspar are in- 
DicHTER Kalkotein. (Germ.) \ visibly small, and the mass there- 
CALCAiRE coMPACTE. (fr.) ) ^^^ ^ppears to be compact. Its 
fracture is conchoidal, or splintery, or dull. Its prevailing 
colour is grey or yellowish j it varies, however, to white, 
blue, green, red, brown, and even black. Some varieties are 
variegated, spotted, or veined, like marble. The following ac- 
cessory ingredients are usually intimately blended with the 
general mass, viz., dolomite, clay, silica, oxide of iiron, bitu- 
men, or carbon. If these only occur in small quantity, they 
can hardly be recognised, but if their quantity be consider- 
able, then distinct varieties of the rock are occasioned, such as 
the following: — 
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(a) DOLOMITIC. 

DoLOMinscHBR DiCHTBR Kalkstein. (Germ.) 
Maon&bien. (Fr,) 

W) BiTIJMINOFS. 

SnNKSTKiN, SnNKKALK. (Germ.) 
Calcaibe bttuhixeux. (Fr.) 



Fetid limestone, swine- 
stones, always dark- 
coloured, and emitting 
a bituminous smell when rubbed. 

(y) Aegillaceous or Marly Lucestoitb. ) With consider 
mergelkalkotein. (Germ.) L ^j^Iq admixture 

Calcaire aboileux oa marneux. (Fr.) J f i . 11 

grej; and in fracture dull, almost earthy. 

(c) Februginofs Limestone. ] Very rich in hydrated 
EisENKALKOTEiN. (Germ.) I oxide of iron, which im- 

Calcaire ferruoinkux. (Fr.) . , ' , . 

) parts a brown colour to 

the rock. 
(*) Chebtt Limestone, or Siliceous 
Limestone. 

K1BBELKALK8TEIX. (Germ.) 
Calcaire sujcieux. (Fr.) 



Combined with si- 
lica, and therefore 
harder than ordi- 
nary limestone. 
Very frequently traversed by veins of chert or homstone. 

In all the varieties of these compact limestones there occur, 
occasionally, veins, seams, nodules^ or nests of calcspar, hom- 
stone (chert), or flint. 

Jukes remarks, ^ Almost all large masses of limestone have 
their flints or siliceous concretions. These are frequently called 
chert, as in the carboniferous limestone (see post, p. 351), where 
the nodules and layers of chert exactly resemble the flints in 
chalk. Even the tertiary limestones round Paris have their 
flints, the menilite of that locality being nothing but a siliceous 
concretion (see post, p. 349), found in the calcaire St. Ouen, and 
possibly other places. Pure siliceous concretions occur even in 
the freshwater limestones and gypsum beds of Montmartre. 
This invariable, or nearly invariable, accompaniment of lime- 
stone and siliceous deposits, those siliceous parts having a 
chemical and not a mecnanical formation, strengthens the hypo- 
thesis of the organic origin of both, as previously described. 
The silica diffused through the calcareous mud, of which the 
limestone was composed, has sometimes remained so difl'used 
instead of separating as nodules or layers, producing a cherty or 
siliceous limestone.* 

Page says, * To the percolation of water charged with car- 
bonic acid, we owe the production of rottenstone from beds 
of siliceous limestone, the carbonated waters dissolving the 
limy portion, and leaving the light porous siliceous residuum 
which forms the rottenstone of commerce.' 

The compact limestones are usually distinctly stratified, and 

are found associated with other sedimentary rocks of almost 

every age. 

'<?) Earthy Limestones. ) Chalk (in part). Rough to the 

Erdiger Kalkstein. (Germ.) I feel ; friable ; the white chalk 

CAix^AiRE cRAYEux. (Fr.) J ^^^^^ imparting its colour to any 

body against which it is rubbed. In chalk the particles consist 
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of very minute shells of Foraminifera, Polythalami», &c., which 
may he recognised under the microscope. 

these minute shells constitute a fine earthy mass, in which 
larger fossils are likewise found, as well as nodules and layers 
of fiint or chert, CTains of glauconite, or of sand and other mine- 
ral substances. The following subvarieties may be named: — 

(a) White Chalk. 

Wkisse Kreide. iOtrm,) 

CUAIE BLANCHB. (/V.) 

(/3) Glauconitio Chalk. 

GLAUKONinscHE Kreidb. (Oerm.) 

CRAIB OLAUCONIEU8E. (/V.) 



(y) Arenaceous Sandstone. 

Sandiobr Kalkstkin. (Germ.) 

CALGAIRB AB&NACfi. (fr.) 



Consisting of remains of 
shells. These earthy and 
distinctly zoogenic rocks 
are more frequent in recent than in old formations. 
We may presume that in the older formations they 
have been metamorphosed into compact limestone. 



his variety is en- 
tirely composed of 
small and almost 
3, from 



(d) Oolitic Limestone, Oolite, Roestonb, 
Pbastone, or Pisolite. 

OOIJTHL9CHSB KaLKSTEIN, OOLTTH, KOOENSHSIN, 

ERBSENSTEiy, Oder PisoLTTH. (Germ.) 

CALCAIRE OOLITHIQUB, CAMAIRB PI80L1THIQUE. , ^ ^ . 

(/v.) the size of a millet- 

seed to that of a pea or larger. This granular texture is very 
different from the crystalline granular. The single round 
grains usually lie close together, but this is not always the 
case; they are sometimes wide apart, connected by a com- 

?act matrix — ^indeed they are always held together by a matrix, 
'he individual grains are often of compact structure, more 
usually, however, of radial texture; sometimes both radial 
and concentric in alternate coats, with a nucleus of foreign 
substance, such as a grain of sand ; sometimes they are 
nothing but fossils. The geological position of these oolites 
is identical with that of the compact hmestones. The genuine 
peastone is, however, an exception. It is (e. g. Carlsbad) 
evidently a formation from a sprmg of water holding in solution 
carbonate of lime (see p. 94), and it moreover consists of 
aragonite and not caJcspar. Jukes remarks, 'Its peculiar struc- 
ture gives to oolite the character of a freestone, working easily 
in any direction, whence its value as a building stone. Bath 
stone, Portland stone, Caen stone are well-known examples of 
oolitic limestone.' 

The pea-grit of Cheltenham is a marine formation, one of 
the oolites, only the spherical nodules are somewhat irregular 
and elliptical in shape. 

E. ] 

Germ.) [• _ _ 

CAI^AIRBKODUUCUX. (Fr.) J gVSlingS, '' UI^iteTlIid^bo^uirrtol 

gether by a compact limestone mass, or by a matrix of marl or 
clay-slate. Its composition, as well as its texture, there- 
fore, presents varieties : — 

(fi) NoDFLES OP Limestone in Lime 
STONE or Marl Matrix. 
Kalkknotbx is Kalk. Oder Mbbgel. 
(Germ.) 



(e) Nodular Limestone. ] This variety consists entirely of 
KNOTENKALKfiTTKiN. (Germ.) I gmall compact nodules or irreofular 



At Partenkirchen 
in Bavaria. 
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I Nodules of lime in a matrix 
».) ^ of . 



(0) KBAMENZELSTEnr. 

Kramenzelotein. iOerm.) ^ of clay-slate, hence tlie rock 
itself is somewhat slaty. These nodules sometimes 
are nothing else than indistinct fossils. Polwand, near 
Saalfeld. 
(y\) Slatt Limestonb. ] This is, however, usually not 

ScuiKFKiGER Kalkstedt. (Oerm.) I of fifenuine slaty texture or 
CAIX3AIRE scmsTEux. (Fr,) j cleavage, but only a thin strati- 
fication (lamination) presenting a sla^ appearance; thus, e.g., 
at Solenhofen in Bavaria, where a finely laminated limestone 
is even used for roof-slating. 
(a) Porous Limestone. 1 ^r , ,. . • i , 

poRosER Kalkstein. (Oerm.) [ We here distmguish between — 



Calcaire cavsrneux. 
(a) Spongy Limestone, Aphrite. 

ScHAUMKALK oder Mehlratzbn. 
(Germ.) 

Thuringia, and 
(fl) Limestone Tuff, Calca-^ 
REous Tttff. ( 

Kalktupf. (Germ.) [ 

TUF OALCACRB. (/V.) I 



Very extensively de- 

■ veloped in the Mu- 

schelkalk formation of 



(A) 



(0 



(A) 



(I) 



A deposit from springs, 
usually porous by reason of 
I its origin as an incrustation 
'' of plants. 

With numerous sparry ca- 
vities of crystallised calcspai", 
brownspar, and the like. 

With numerous angular 
cells or holes. These latter 
are sometimes occasioned 
by the decay or weakening 
of fragments enclosed in the rocks, in which case the porosity 
of the rock is only at the surface. 
Breccia-Limestone, or Limestone^ 
Breccia. 



Geodic Limestone. 

I^RUSiGER Kajlkstelk. (Germ.) 
Calcaire GiK)DiQnE. (Fr.) 

Cellular Limestone, or Rough 
Limestone. 

ZsLLENKALK Oder Rauhealk. (Germ.) 
Calcaire celluleux. (Fr.) 



Breccienkalk Oder Kalkbrecoie ; TRtJM- 
MER und Ruinen-Marmor, (Germ.) 
Br^he oalcairb. (Fr.) 



Fragments of limestone 
cemented together by 
limestone. The partial 
weakening or decay of 
these fragments some- 
times causes a cellular tissue on the surface of the rock. 
Styloutb Limestone. ] Names given by Ger- 

Stylolithenkalk und nagelkalk. (Germ.) ■ man ffeoloffists to cer- 
CAIX3AIRB 1 STYLOLTTEs. (Fr.) ^ j ^^ comuart limcstoues 

which show peculiar striped jointings, so-called stylolites, or 
are made up of small conical or wedge-shaped pieces. 



(ni) Ftbrous Limestone 

FASERIGER EJLLKSTEIN, FaSER- 

KALK. (Germ.) 
Calcaire hbreux. (Fr.) 



To this variety we may reckon 
the calc-sinter and aragonite- 
siQter, formed by the dripping of 
water containing lime in solution, 
e. g. at Carlsbad in Bohemia. There also occur seams or layers 
of fibrous limestone between beds of marl, which have clearly 
some other origin. Stalactitic calc-sinter is frecjuently spaiTv 
and not fibrous, but as it is a subordinate formation we include 
it here because of its origin. 

Over and above the varieties in texture and composi- 
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tion which we have enumerated, limestone is very various 
in its geological character, and especially in the nature of 
the fossils which it contains. The geological varieties are 
not ■ of distinct lithological character, but they never- 
theless deserve a brief enumeration, as they sometimes 
acquire local importance. They are only to be distin- 
guished with certainty by means of their fossils ; we will 
arrange them as nearly as possible according to their 
respective ages. 

Geological Varieties. 

(1) Limestone Tuff, Cal- ^ Usually a porous friable deposit from 

CAREOTJS Tuff. I springs, and containing many remains 

^^^S^^l^.) i of Pl«»te and animals. 

(2) Travertine. ] A fonnation in Italy similar to calo-tuf^ 

travbrtin. {Genn.) \ <but usually more compact, hard, and 
Travertin, (/t.) j gemi-crystalline.' See Bnstow's Glossary. 

(3) Coral Reefs. \ , 

KoRALLKNRiFFE. {Germ.) \ In tropical seas. 
Calcaire corallien. (/v.) J 

(4) Freshwater Limestone. | Containing freshwater shells. 



^.f^.tT'^S^' JS^}1 . r ' Freshwater limestones have com- 
Calcaire deau douce (la- , f '^ i» A f 

cuOTRE). {Fr.) > monly a peculiarity of aspect from 

which their origin may sometimes Tbe suspected, even before 
examining their palseontological contents or petrological rela- 
tions. They are generally of a very smooth texture, and either 
dull white or pale grey ; their fracture only slightly conchoidal, 
rarely splintery, but often soft and earthy.' — Jukes. 

(5) Steppe Limestone. | A very recent semi-marine bracldsh 

Steppenkalk. {Germ,) \ limestone deposit. In Southern Russia. 

(6) Leitha Limestone. ) A tertiary limestone in the Leitha Moun- 
""►.)) ^ * ' " 



Leithakalk. {Germ,) ) tains, with corals and marine shells. 
I In - - 

CALCAIRE A LmORINELLES. {Fr.) J ^t^^^^^^ 

(8) Cerithium Limestone. \ in the Mayence basin, with many 

Cerithienkalk. {Germ.) \ Cprithin. 
Calcaire X CfeRiTEs. {Fr.) > ^erunm. 

(9) Calcaire Grossier TGrobkalk), sandy, and full of fossil shells. 

Eocene in the Paris Tbasin. 

Consisting almost exclusively 

of Nummulites. Eocene ; veiy 

extensively developed in the 

South of Europe. 

' The nummulitic formation, with its characteristic fossils, 

plays a far more conspicuous part than any other tertiary group 

in the solid frairiework of the earfliy crust, whether in Europe, 

Asia, or Africa. It often attains a thickness of many thousand 

feet, and extends from the Alps to the Carpathians, and is in 

full force in the North of Africa, as, for example, in Algeria 



(7) LiTORiNELLA LIMESTONE. ] In the Mayence basin, con- 
LrrroRiNELLENKALK. {Germ.) I taininff numerous Paktdiafue, 



(10) Nummulitic Limestone. 

NuMMULiTENKALK. {Germ.) 
Calcaire A Nummulites. {Fr.) 
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and Morocco. It has also been traced from Egypt, where it was 
largely quarried of old for the building of the Pyramids, into 
Asia Minor, and across Persia, by Bi^dad, to the mouths of the 
Indus. It occurs not only in Cutch, but in the mountain ranges 
which separate Scinde from Persia, and which form the principal 
passes to Cabul ; and it has been followed still farther east- 
ward into India, as far as Eastern Bengal and the frontiers of 
China/ — Page, 

1) Orbitoidal Limestone. ) 'As the nummulitic limestone 

Calcaire X Orbitolites. (/v.) j seems characteristic of the old 
world, so the orbitoidal limestone seems characteristic of the 
new, mountain masses full 300 feet in thickness, and almost 
wholly made up of Orbitoides, occurring near Suggsville, in 
North America, and apparently in the same^ or nearly the same^ 
geological horizon.' — Jrage, 

2) !r£i.J0LiCA, a white compact limestone. 

3) ScAGLiA, a red limestone, in the Alps. 

4) OsTR^A Limestone. \ puU of OstrtBtB, Eocene ; occurs 

5) Upper and Lower Chalk.) Nearly white. The upper and 

Kreidekalk, kretoe. {Germ,) j principal branch of the Chalk 
formation in England, containing many flints. 

' Chalk flints occur as rounded nodular masses of very irre- 
gular and sometimes fantastic shape, and of all sizes, up to a foot 
m diameter. They are commonly white outside, but mtemally 
are of various shades of black or brown, sometimes passing into 
white. They have sometimes concentric bands of black and 
white colours internally, and exhibit markings derived from 
organic bodies, round which they have often been formed. 
Flmt occurs in chalk, not only in nodules, but also in seams or 
layers, sometimes short and irregular, sometimes regular over a 
distance of several vards. These seams vary from half an inch 
to two inches in thickness, and are commonly black in colour.* 
Jukes, 

6) Hjppuritidea, or Hipptjrite ^ Pull of Hippuritidea ; equiva- 
lent to the Lower Chalk for- 
mation in Europe, Northern 
Africa, and America. 

7) Rudistenxalk, oder Hieroglyphen- ^ Equivalent to the Lower 
KALK. {Germ.) \ Chalk formations. 

Craie 1 RuDiSTES. (FrJ\ i 

Containing many SpcUangidee ; 
belonging to the Chalk group in 
the Alps. 



Limestone. 

Hippuritenkalk. iOerm.) 
Calcaire A. Hippurites. {Ft,) 



Crate A. Rudistes. (jFV.) 

8) Spatangus Limestone. 

Spatanqenkalk. {Germ.) 
Calcaire 1 Spatangues. {Fr.) 



d) Apttchtjs Limestone. ] Contaimng many Aptycht; there 

Aptychexkalk. (Germ.) I are two species of this fossil, one 

CALCAIRE 1 APTYCHTJs. {Fr.) j |,elonging to the Chalk, and the 

other to the Jura formation. 

)) Planer Limestone. ) Thinly stratified, usually somewhat 

Planerkalk. {Germ.) I marly, occurs with the Quadersandstein 

in Saxony. 
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(21) SeRPTJLITE LntESTOITE. 

Serpultt. (Oerm.) 
Galcaire 1 Bbrpulbb. (Ft.) 

(22) PoRTLAjfD Stone and Oolite, 

PoRTLAND-OoLTTH. (Oerm.) 
Calcairs Portlandibn. (Fr.) 



Full of fossil Serpulsd of the Beister 
or Wealden fonnation of West- 
phalia. 

A limestone belonging to the 
upper Jura of England^ fre- 
quently Oolitic. 
' A well-known group of the upper Oolite as developed in 
the South of England. It consists of shelly freestones of 
yariahle texture underlaid by thick beds of sand^ and derives its 
name from the Isle of Portland in Dorsetshire, where certain 
of the freestones hjtve for centuries been largely quarried for 
architectural purposes. The Portland beds abound in fossil 
shells, bones of saurians, and drift coniferous wood.' 

(23) AsTARTE Limestone. \ Containing many Astartida l)e- 

AsTARTENKALK. (Germ.) I lonflinar to the upper Jura forma- 

CaLCAIRE 1 ASTARTES. (/V.) I xi I^ ° "^^ 

(24) Diceras Limestone. ) Containing 2)8c«r<^, and belonging 

clS^^^f iicSS^ (Fr.) ) to the upper Jura formation. 

(25) Coral Rag. ) Frequent in the Jura forma- 

KoRALLENKALK, PoLYPENKALK, oder I tiou, thc Upper member of 
c^rSSS^-. \^^-^ ) theMiddle Oolite in England. 

(26) Nerinea Limestone. ) YuM of Nerinea of the Jura fo> 

Nerinebnkalk. (Germ.) f ^„x' _ 

Galcaire X NftRiirta». (Fr,) f marion. 

(27) Ammonite Limestone. \ jpuU of Ammonites of the Jura or 

Ammonttenkalk. (Germ,) [ t ;„« ^^^»via4^^«* 

CAIiCAIRE AMMONITO^RE. (Fr.)f ^^^ tOmiatlOn. 

(28) Jttra Limestone. ) 

JURAKALK. (Germ.) \ Usually white, yellowish, or grey. 

Galcaire .turassique. (Fr.)f 

(29) Oxford Oolite. | Belonging to the Jura or Oolite fo> 

OXFORD-OOLITH. (Germ.) { ^„4.' „ «?T?«r*l««^ 

OoLTTHE D'OxpoHD. (Fr.)) Hiatiou ot iiUglaud. 

(30) CORNBRASH. ) „ - . 

plassenkalk. (Germ.) \ The same formation. 

GORNBRASH. (Fr.) ' 

(31) Bath Oolite. ) 

Grand Oouthe, Ooltthe r The like. 
DE Bath. (Fr.) ' 

(32) Interior Oolite. | 

viLZER kalk. (Germ.) f The uke. 
Oouthe iNFfiRESUR. (Fr.) ' 

(33) Lias Limestone. 

Leias-Kalk. (Ger 
Galcaire llasique. . 

(34) Gryphite Limestone. ] Containing numerous 6rry/?^, the 

Gryphitenkalk. iGerm.) \ former designation for the Lias 

GALCAIRE 1 QRYPHITES. i^r.) \ ^^^^^^^^^ 

Containing numerousBelemnites, 
and belonging to the Lias for- 
mation. 

(36) Dachsteinkalk (Germ.), a limestone of the Northern Alps, 

corresponding with the Lias formation in other parts of Europe. 

(37) Klippenkalk (Germ.), a limestone occurring in the Carpathians, 

its age not to oe determined with certainty. 

(38) Hallstatter Limestone. ) A limestone of thd Alps correspond- 

hallstatterkalk. (Germ.) ) ing with the Keuper of Germany. 



ONE. ) __ ,, , , - , , , , 

( Germ.) \ Usually dark-coloured and bitunnnous. 

lSIQUE. (Fr.) ' 



(35) Belemnite Limestone. 

Belemmtenkalk. (Germ.) 
Galcaire A BfiLEMNiTES. (Fr.) 
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The middle member of the Trias 
in Germany, usually grey, and very 
extensively developed in Western 



9) Mttschelkalk (Shell 
Limestone). 

MuacHELKAiJC. (Oerm.) 
Calcaire conchyiien. (Fr.)^ 
Germany. 

0) Wellenkalk (Germ,), stratified in thin wavy lavers, or with 

nodular concretions, the lower member of the ^fuschelkalk in 
Germany. 

1) GuTTENSTEiNER Kalk (Germ.), a limestone of the Alps answer- 

ing to the Muschelkalk of Germany. 

2) Encrinal or ENCKnaTAL Limestone. ) Full of remains of 

Encrdoten- Oder Trochttkn-Kalk. iOerm,) 
Calcaire X Encrines. (Fr.) 



Encrinites, an upper 
member of the Mu- 



schelkalk formation of Germany. 

* The internal calcareous skeletons of the encrinites (in 
scattered joints and fragments) are so abundant in some Car- 
boniferous limestones as to compose the greater part of the 
mass, hence the term encrinal or encrinital limestone. The 
minuter joints of the fingers and rays are usually termed en- 
trochi or wheelstones, and these when abounding in certain 
limestones confer on them the title entrochal limestones. The 
stalk having been perforated by a canal which kept the whole 
in vital union, the separated joints present a Deadlike ap- 
pearance : hence such familiar terms as '* St. Cuthbert's beads " 
and " wheelstones " for the solid pieces, and " pulley stones " and 
'* screw stones " for their hollow casts in limestones.' — Page, 

5) Tebebratula Limestone.] Almost entirely consisting of Tere- 

Terebratulakalk. (Germ.) [ bratula mdqaris. Frequent in the 
CALc^^RE A TfeRtoRATOLBs. j jvfuschelkafk of Northem Germany. 
4) E-oestone. ) A rock occurring in the sandstone of 

RoGENSTKiN. {Oerm.) I Northern Germanv. 

^) Magnesian Limestone (Dolomitic). ) ^^® ,J®™ Zechstein 
ZBCHfiPTEiNKALK. {Germ.) \ literally translated sig- 

Calcaire du Zechstein. {Fr.) ) nifies mine-stone, so 

called because it has to be mined or cut through to reach 
the copper-slate which lies inmiediately beneath it; usually 
dark-coloured and bituminous. The chief member of the 
Zechstein formation of Germany. 

6) CARB0NIEER0T78 LiMESTONE, or MoTJN-) ^^^®^ member of the 

tain Limestone. . Carboniferous lime- 

Kohlenkalk, Oder Berokalk. {Germ,) stone formation in 

Calcaire cARBONiFfeRE. {Fr.) ) England ; when it con- 

tains metal, it is called metalliferous limestone ; when it con- 
tains much homstone or chert, it is called chert-limestone. 
:7) Scab Limestone, a lower member of the Carboniferous lime- 
stone in Westmoreland and Cumberland. 

A limestone of 
the transition pe- 
riod, usually com- 
pact, solid, and grey. 
9) Stringocephalus Limestone. ) Containing many Stringocephahs 
stringocephalenkalk. {Germ,) ) JBurtini in the Devonian forma- 
tion of Germany, 



8) Transition or GRETWACKi: Limestone. 

Orauwackenkalk, Oder TTebergangskalk. {Germ,) 
Qrauwacke calcaire. {Fr.) 
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(50) Eepel Limestone. ) Lying immediately under the pre- 

EiFLBB Ealk. (Oerm.) t ceding. 

(51) Orthoceras Limestone. ] Full of remains of Orthocera- 

Obthoceratttknkalk. (Germ.) I tites belonfifinfi: to the Silurian 
CAix^AiBElORTHocftREs. (Fr.) J fonnation,e.g mScundiuavia. 

(52) Urkalk (aboriginal or primitive limestone) is a general name, 

formerly very frequently applied in Germany to denote all 
granular limestones, especially those associated with the crys- 
talline schists. I 

Limestones, as we have already remarked, are of various 
origin. A few only are direct chemical precipitates from 
aqueous solutions; the greater part are probably the 
product of certain animals. Some have been occasioned by 
the washing together of lime mud. The crystalline lime- 
stones owe their state chiefly to a plutonic process of 
transmutation. 

As to their bedding in relation to that of other rocks, we 
have nothing to add to what has previously been stated. 

We only adduce a few leading references on the sub- 
ject of limestones. It would serve no useful purposes 
to cite all treatises respecting their local occurrence. 

{References,^ 

Ehrenherg, on the Animal Origin of many Limestones, Die 
fossilen Lifusorien, 1837, Mikrogeologie, and v. L. u. Br. 
Jahrb. 1861, p. 785. 

Danoin, on the Formation of Coral Limestones in his ' Coral 
Islands.' 

G, Jtose^ on the heteromorphic State of Carbonate of Lime in the 
Abhandl. d. k. Akad. d. Wissenschaft zu Berlin, 1866-1868. 

Hau^ktony on Hislopite in the Philos. Mag. 1869, [17] p. 66. 

Delesssy on Hislopite in the Ann. des Mines, 1861, vol. xx. p. 436. 

L, Cordier gives his views on the formation of limestones in an 
article published in the Compt. rend. 1862, vol. Lxiv. p. 293. 
He takes them to be principally chemical precipitates from 
the sea, which formerly hela much greater quantities of saJts 
of lime and magnesia in solution than at present. 

Leymerie expounded similar views in his Elements de Min^ 
ralogie et de Geologic, 1861, p. 368. 

Chemical analyses of limestone exist in great va- 
riety ; but they are only of local importance, serving 
to decide the character of any given rock : for instance, 
whether it be a limestone or a dolomite, or whether it be 
fitted for building or other practical use. 

As to the formation of oolite, see pp. 94-5, ante. 
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36. DOLOMITE, MAGNESIAN LIMESTONE. 

DoLOMiT. (Germ,) 
DOLOMIB. (J^r.) 

A granular y compact^ or earthy aggregate of bitter-spar 
{dolomite)^ usually combined with some calcspar ; does 
not effervesce^ or only slightly effervesces with acid ; is 
easily scratched with the knife. 

Spec, grav 2-8— 2-9. 

Pure dolomite, or bitter-spar, is a mineral, which we 
have already described as such in the earlier part of this 
work ; chemically it consists of 54 carbonate of lime to 
46 carbonate of magnesia. It is very seldom that the 
rock occurs in this pure state ; it usually contains a much 
larger proportion of carbonate of lime, and most probably 
in such case consists of an intimate compound of bitter- 
spar and calcspar. It usually also contains small quan- 
tities of several other substances, such as clay, silica, 
oxides of iron, bitumen, and the like. The chief differ- 
ences between limestone and dolomite, and the mode of 
distinguishing the two rocks, have been explained (p. 275, 
ante). In general terms, we may say that the dolomites 
closely resemble the limestones as regards their bedding 
and their other attributes, except that they are more 
frequently crystalline than the limestones, and sometimes 
even are entirely made up of small rhombohedrons. 

It was long supposed that all dolomites had been 
formed by process of transmutation from limestone. It 
is, however, much more probable that dolomites and 
magnesian limestones were for the most part formed by 
sedimentary deposit, in the same manner as the limestones 
proper. Many coralline structures, and probably many 
marine shells, contain some magnesia, and therefore may 
likewise yield magnesian limestones ; some dolomites 
again have very probably resulted from chemical pre- 
cipitate from aqueous solutions. Nevertheless the origin 
of many dolomites still remains very problematical, and 
it is by no means impossible that transmutations of lime- 
stone into dolomite may have taken place and may still 
take place in the interior of the earth. We know that 
magnesia plays an important part in the transmutation of 
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several rocks, in proof of which we need only instance 
chlorite-schist, talc-schist, serpentine, steatite, &c. The 
magnesia would appear in such cases to have penetrated 
in a state of solution into the pores of the rocks, whose 
character it has changed, displacing other substances. 
Haidinger has suggested that sulphate of magnesia might 
in very high temperature, and under great pressure, de- 
compose carbonate of lime, converting it into dolomite 
and gypsum ; and Von Morlot has in some measure 
confirmed this suggestion by. experiment. 

Dolomite, like limestone, has many varieties, most of 
which are analogous to those of limestone, and resemble 
them also in their geological relations ; we may therefore 
treat them briefly. (See Sterry Hunt, in Report of Brit. 
Association for 1860.) 

Varieties in Texture. 



(a) Granular Dolomite. 

KORNIGER DoLOMiT. (Germ.) 
DOLOMIE baccharoXde. {Ft.) 



Closely resembles granular lime- 
stones, sometimes however sac- 
charoid, consisting of small rhom- 
bohedrons, sometimes crumbling into dolomite sand ; usually 
more porous than limestone. Frequently penetrated by geodes 
and cavities. Its accessory ingredients are similar to those 
of limestone, perhaps more abundant and multifarious. 

Granular dolomites are more frequently associated with dis- 
tinctly sedimentary rocks than are the granular limestones. 
^■.,,» » «m Tk^x /^vTfIm. \ Difficult to dlstiuguish from com- 

pact limestone, perhaps more rare. 
Accessory admixtures and varieties 
of composition are probably the same. 



(b) Compact Dolomite. 

DiCHTBR DOLOMTT. (Oerm.) 

DOLOMIB COMPACTK. (Fr.) 



(c) Earthy Dolomite. 

Erdiger Dolomtt. (Germ.) 

DOLOMIE GROSSI^RB. (Fr.) 



Usually rougher to the feel than 
earthy limestone, probably owing 
to its microscopically small rhom- 
bohedral. crystals. Kit be grey, which is somefimes the case, 
by reason of its accessory ingredients, then it is sometimes 
called dolomitic sand. 

(d) Porous Dolomite. 

PoROSBR DoLOMiT. (G.erm.) 

(e) Cellular Dolomite. 1 ^r. i. 

Zelliger Dolomtt (Rauhwackb). (Oerm.) \ With angular cavities. 

CARGNEtJLE. (Fr.) J 

(/) Breccian Dolomite, or n ^ , . , ,. 

Dolomite Breccia. Corresponds with limestone breccia 
(p. 281, ante). 



DoLOMTTBRBCCiE. (Germ.) 

BRfeCHE DOLOMTHQUE. (Fr.) 



{g) Concretionary Dolomite. I Consisting of a number of balls 

DoLOMiB coNCRfinoNNiiE. (Fr.) > touching oach other either Hke 

bunches of grapes (when it is called botryoidal), or like 

musket-balls, or great piles of cannonshot. Many of these balls 

when broken open are lound to have a radiated structure. But 
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tliey have been produced subsequently to the deposition of 
the mass, as is shown by the fact of the lines of stratification 
proceeding through them regularly. (Jukes.) 

Dolomite is seldom oolitic, slaty, fibrous, or stylolotic, or 
at all events^ such varieties are much more rare than in lime- 
stone. 

The calcareous dolomite is very similar to the dblomitic 
limestone. The two may be said to meet half way. The 
argillaceous, bituminous, micaceous, siliceous, arenaceous, ferru- 
ginous, and carbonaceous varieties, correspond with the similar 
varieties of limestone. 

Three crystalline varieties of dglomite must, however, be 
mentioned. 

Varieties in Composition. 

( h) Chromic Dolomite. \ Is the name given by Breithaupt to a 
Chrom Dolomtt. (Oerm.) ) compound of dolomite, chromite, and 
oxide of chromium, occurring at Nischne-TagUk in the Ural, 
and valued as a marble on account of its beautiful green colour. 
The chromite appears in the form of delicate grains or crystals, 
the green oxide of chromium appears to form thin laminae. 
This beautiful rock also contains some iron pyrites and native 
gold, and appears to be penetrated by manifold veins of quartz. 

(«) Dolomite of the Binnen Thal (Alps). This dolomite occurs 
with very rich combination of various minerals. According to 
Hugard, it is somewhat phosphorescent in the dark. It con- 
tains the following minerals — pyrites, quartz, much mica, or- 
thoclase, tourmaline, tremolite,chiastolite, garnet, ruby, real^, 
orpiment, blende, antimony-glance, dufr^nite, binnite, celestme, 
barytes, and calcspar. (Compt. rend. 1858, vol. xlvi. p. 1261 ; 
V. L. u. Br. Jahrb. 1868, p. 691.) 

(k) Pkedazzite (Jrom Predazzo, \ Is the name given by Petzold 
■ — ^ to a dolomite occurring at Pre- 

dazzo, in South Tyrol. It ad- 
joins syenite-granite, of which 
it is a metamorphic product. It is white and crystalline- 
granular, resembling the most beautiful marble. Besides car- 
bonate of lime and magnesia, it contains some siliceous clay 
and some water. Hence Petzold called it a special mineral : 
probably it is a compound of dolomite and brucite. (v. L. u. 
Br. Jahrb. 1848, p. 683.) 



in Tyrol). 
Predazztt. {Germ.) 
Prbdazzttb. (/v.) 



(1) Coralline Dolomite. ) Jura formation in England and 
KoRALLKNDOLOMiT. (.Germ.) f Germanv 

DOLOMIB CORALLIKNNB. {Fr.)' ^' 



Geological Varieties. 

.!,) 

(2) Alpine Dolomite. ) Chief dolomite of the North- 

DoLOMiE ALPiNB (cARGNEULEs). {Fr.) ] em Alps, correspouding with 
the lower part of the Lias formation. 

(3) Ketjper Dolomite. I in the Keuper of Germany. 

Kbupsbdolomit. {Germ.) > 

(4) Flammen Dolomite. 1 t ^i. it i^a «1v-« 
^ "^ PiAMMKNDOLOMiT. (Germ.) \ In the Keuper of Swabia. 



DoLomu BOUQB. {Fr.) 
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(6) Myophoria Dolomite. I In the lower division of the 

myophorikn-Dolomit. (Germ.) > Keuper formation. 

(6) Malbstein or Nagelpels (Germ.), A dolomite of the upper 

division of the Muschelkalk, in Swabia. 

(7) Wellendolomit (wavy dolomite), belonging to the lower divi- 

sion of the MuschelkaJk, in Gennany. 

(8) Magnesian Limestone. » A dolomite limestone of the Per- 

Calcaire MAQNfesiBN. (Fr.) \ mioD. formation in England. 

(9) Zechstein Dolomite. i In Thuringia and 

Zechstkin-dolomit, rauhwackk. (Germ). > Franken. 

(10) DoLOMiTic Sand. I i^ the Zechstein of Thuringia. 

DOLOMTT-AscHB. (Germ.) > ^ 

Many different varieties of dolomite are known in the Car- 
boniferous system, or occur in the Cambrian, SHurian, De- 
vonian, and Fermian formations. The dolomite of Derbyshire, 
Durham, and Yorkshire in the latter formation furnishes the 
well-known building-stone of which the Houses of Parliament 
are built. In the more recent formations, dolomite would 
appear to be less frequent, unless it be that many compact dolo- 
mites are stiU mistaKen for limestones. 

Much has been written on the formation of dolomites since 
the first celebrated treatise on that subject of L. v. Buch, in 
Leonhard's Almanack, 1824. Of the various arguments in 
favour of the transmutation of limestone into dolonute, perhapt> 
the most deserving attention is the hypothesis developed by 
Haidinger and v. Morlot, according to which the conversion 
was effected by means of solutions of sulphate of magnesia 
(Epsom salt), and gypsum was produced at the same time. 
In manv cases this is very probable. (Haidinger's Naturw. 
Abhandl. vol. i.) To us it appears veiy probable that many 
dolomites have been formed by crystallisation of coral-reefs, as 
V. Richthofen has ably proved in the case of some of the 
dolomites of Southern Tyrol. Vide MM. Seemann and Guyerdot, 
Bullet, de la Soc. g^ol. de France, (n. s.) voL xix. p. 995,1862. 

GYPSUM AND ANHYDRITE. 

Gypsum is a combination of sulphate of Kme with 
water. Anhydrite is sulphate of lime without water. 

Gypsum as a rock is much more frequent than anhy- 
drite — at least we seldom find anhydrite on the surface 
of the earth — a circumstance which is explained by its 
readiness to absorb wate*^ and consequent conversion into 
gypsum. For the rest, the geological position of the two 
is very similar. 

37. GYPSUM. 

Gyps. (Germ.) 
Gtpse. (Ft.) 

An aggregate of sulphate of lime, usually crystalline, 
sometimes compact or fibrous ; soft^ and usually white. 
Spec, grav 2*3. 



LIMESTONE GROUP. 291 

Pure gypsum consists of 46*5 per cent, sulphuric acid, 
32*5 lime, and 21 water. It is so soft that it may be 
scratched with the nail, and only gives a dead sound when 
struck with the hammer. By these properties it may be 
most easily distinguished from white granular limestone, 
to which it bears great resemblance. Its texture is most 
usually fine-grained (alabaster), sometimes also porphy- 
ritic, containing large shining crystals of selenite. It 
is only rarely quite compact; in thin layers or narrow 
veins it is frequently fibrous or sparry. Its original snow- 
white colour is sometimes tinged grey by admixture of 
bitumen or clay, or red by oxide of iron. The mass 
sometimes (though rarely) contains as accessories some 
mica, talc, quartz, boracite, pyrites, copper pyrites, grey 
copper, zincbleyde, and sulphur. 

Moreover, in gypsum rock are sometimes found nests 
or veins of aphJite, anhydrite, rock-salt, sulphur, and 
chert. 

The weathered surfaces of gypsum (owing to its solu- 
bility in water) are usually much worn or eaten into. 

Varieties in Texture. 

(a) Geanttlar Gypsum or Alabaster. \ Almost always white, 

'^^''^^^l^r ALABAOTBR. (Germ,) | somewhat translucent. 
Gypsb saccharoXde. (Ft.) ' 

(b) PoRPHTRiTic Gypsum. ) With crystals of gypsum in a fine- 

^^^(^o"^^^ ^^^* ^ grained gypsum matnx. 

(c) Compact Gypsum. ) Jf «» usually mixed with clay or 
^ ^ DioffTER Gyps. (Germ.) \ hitumen, which impart a grey colour 

Gypsb compacte. iFr,) ) to the rock. 
(a) Fibrous Gypsum. ) Usually only in the form of thin veins 
Faberoyps. {Germ.) \ or seams occurring in other gypsum, 
Otpse pibreux. (Fr.) ) or in argillaceous shale or marL 
(e) Spathic or Sparry Gypsum, or Selenite. \ Occurs in similar 
Spathiger Gyps oder Blattbrgyps. (Germ.) . manner to the 

GYPSB laminairb. (Ft.) ) fibrous variety. 

Is a variety both of texture and com- 
position. It is formed of thin layers 
of pure white gypsum, alternating 
with grey argillaceous gypsum, the whole twisted or crumpled 
to resemble a ruff, whence the German name. 

Varieties in Composition. 

(^) Argillaceous Gypsum. \ Grey, spotted, or striped, by reason 
Thongyps. (Germ.) \ of an acLmixture of clay. 

Mabnb gypseusb. {Fr.) ' *' 

U 2 



(/) Tripbstone. 

GEKROsBerrBiN. (Germ.) 
Pierke db Tripes. (Fr.) 
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(h) Bituminous Gypsum. \ Difficult to distinguish from the 
BrruiuNdsER Gyps. {Germ.y \ last-named variety. 

GyPSE BTTUMINBUX. {Fr.) ) ^ 

(t) Micaceous Gypsum. \ Mixed with mica or talc ; analogous to 
GuMMERGYPs. (Oettn.) I micaceous limestone ; of rare occur- 
GYPSK mviFOEME. (Fr.) J ^^^^ ^^ ^^y .^ ^^^ ^^ ciTstalline 

schists, as (e.g.) on the south slope of the St. Gotthard. 

Gypsum is rarely distinctly stratified or fossiliferous ; 
both facts are in all probability connected with the mode of 
its original formation, pointing to a chemical rather than 
mechanical origin. It is contained in deposits of the 
most different periods, and exceptionally in the crystalline 
schist formations. It seldom forms extensive beds parallel 
to the other strata, but rather flat lenticular or irregular 
masses or accumulations in connection with anhydrite, 
rock-salt, and clay, or sometimes with dolomite. Some- 
times it even occurs in abnormal bedding between other 
sedimentary rocks. From the circumstances under which 
it is found to occur, it has been inferred that gypsum 
must be a product of the local conversion of limestone. 
Chemically, no doubt, this would be possible, if the 
requisite sulphuric acid were present, but such origin on a 
large scale is not capable of demonstration from any known 
facts. Some gypsum rocks may be actually shown to 
have been formed by deposit from aqueous solution of 
sulphate of lime ; others by the decomposition of pyrites 
in the immediate neighbourhood of calcspar; others, 
again, by the absorption of water into anhydrite. Hai- 
dinger and Von Morlot have also shown that gypsum and 
dolomite may together be formed by the operation of 
solutions of sulphate of magnesia (Epsom salt) on lime- 
stone ; nevertheless all these different facts or theories of 
possible formation hardly suflSce to account satisfactorily 
for the origin of the great masses of gypsum (frequently 
combined with rock-salt and anhydrite) which occur in 
the flotz or secondary .series. The supposed origin of 
gypsum from anhydrite leaves the greater diflSculty un- 
solved of the original deposit of anhydrous sulphate of 
lime. 

The exceptional nature of the bedding of gypsum rocks, 
as well as the frequent disturbances which appear in the 
adjoining strata, are best explained by the action of water 
in partially washing away the original deposit of gypsum. 
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and also the rock-salt with which it is usually accompanied. 
The first consequences of such process would be to form 
great cavities ; after a time the roofs of these cavities 
would break down and cause disruption in the super- 
incumbent rocks. ' This is to us the most probable mode 
of accounting for the existing phenomena. Certain it is 
that these disturbances of the neighbouring strata are not 
of a nature to authorise us to iirfer an eruptive origin of 
the gypsum rock. 

The gypsum beds of different geological periods have 
not received different names, as they are not petrographi- 
cally to be distinguished from each other. It may never- 
theless be of interest to compare the different places of 
their occurrence in the European geological series. These 
are chiefly as follows : — 

(1) In Miocene deposits, with remains of plants at Paria, in Italy — 

with sulphur and rocknsalt in Sicily. 

(2) In Eocene deposits, with bones of animals, in the Paris basin. 

(3) In the Triassic fonnations of the French and Swiss Alps with 

rock-salt and cargneule (Lory, FavrCj &c.) 

(4) In the Keuper of Germany, sometimes with rock-salt, but with- 

out fossils. 
(6) In the Muschelkalk of Germany, with anhydrite and rock-salt, 
without fossils. 

(6) In the Upper Variegated Sandstone of Germany and the Alps, 

with rock-salt and anhydrite, without fossils. 

(7) In the New Red Sandstone of England, with rock-salt, without 

fossils. 

(8) In the Zechstein of Germany, with rock-salt and anhydrite, 

without fossils. 

(9) In the Permian formations of Bussia, with rock-salt. 

(10) In the clay-mica-schist of Herren-Grund, in Hungary (of un- 

doubted antiquity), with fahlerz and copper pyrites. 

(11) In the crystalhne schists of the Alps at St. Gotithard, with mica ; 

at Bugg, in Switzerland, with nuca and talc. 

Beferences. 
Hausmann, Bemerkungen iiber Gyps und Karstenit, 1847. 
Karsten, iiber Gyps und Karstenit in his Archiv, 1848, vol. xxii. 
pp. 646 and 678. 

38. ANHYDKITE, MUKIACITE, KAKSTENITE. 

Ajthtdrit, Mukiacit, Kakstenit. (Germ,) 
Anhydrite. (Fr.) 
A granular or compact aggregate of anhydrous sulphate 
of lime ; harder than gypsum ;, white, grey, or blue. 
Spec, gray 2-8— 2*9. 
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Pure anhydrite is white, and may easily be mistaken 
for gypsum or dolomite. It may, however, be easily dis- 
tinguished from dolomite by its not effervescing with acid 
even when pulverised and heated ; and it is much harder 
than gypsum. The colour of the grey or blue varieties 
is caused by the admixture of clay or bitumen in small 
quantities. There are scarcely any distinct varieties of 
texture. It occurs in nature under similar relations to 
gypsum, except that it is scarcely ever met with on the 
surface of the ground, because there, by the absorption of 
water, it is converted into gypsum. 

For literary references refer to those under the head of 
gypsum. 

FBAGMENTAL ROCKS. 

These rocks are composed of the fragments of older 
rocks, which have been broken up by mechanical forces, 
and their parts deposited and reunited or cemented to- 
gether into a solid mass ; they are therefore termed frag- 
mental rocks. 

A somewhat similar origin may no doubt be ascribed to 
the argillaceous rocks, marls, and sonie limestones, but in 
this case the parent rocks have undergone chemical decom- 
position, as well as mechanical disintegration, and the dis- 
integrated parts have been resolved into very fine mud 
before the work of reconstruction commenced, so that the 
connection of the new rocks thus formed with those from 
which they spring is not so evident or easily traceable as 
in the firagmental rocks proper. 

Sandstones consist of grains of some mineral (usually 
quartz) compacted together ; Conglomerates of rounded 
stones or pebbles cemented together ; Breccias of angular 
fragments likewise bound* 

Uncompacted Sand, Gravel, Shingle, and Heaps 
OP Rubbish belong to this division of the materials 
of which the earth's crust is composed. 

Tufa rocks are conglomerates, more or less firmly 
united, of fragments thrown from volcanoes of the pre- 
sent or an earlier time. 
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39. SANDSTONE and GKITSTONE. 

Sandstein, Psammit. {Germ.) 
Gres. {Fr.) 

Small grains of some mineral, usually of quartz, are 
cemented together by some mineral substance. 

The process of the original formation of all sandstones 
has consisted in the washing together of small grains of 
some solid mineral^ usually quartz, and these were after- 
warda bound together into a solid rock by some cementing 
medium, or perhaps by simple pressure. In other words, 
these rocks were formed from sand, into which they may be 
resolved again. The grains are usually rounded off, and 
only exceptionally exhibit faces and ediges of crystals. 

Quartz being the most abundant mineral of the earth, 
and at the same time very hard and difficult of decompo- 
sition, furnishes the material for the most sandstones ; 
these, however, also contain particles of felspar, flakes of 
mica, fragments of shells, and grains of glauconite. The 
binding medium of these grains usually consists of clay, 
marl, or hydrated oxide of iron ; less usually of silica, 
carbonate of lime, kaolin, talc, or asphalte. Sandstones 
often contain as accessories concretions of hydrated oxide 
of iron, frequently in the form of balls (eagle stones *) or 
irregular masses, nodules of pyrites, rounded pieces of 
amber, coal, and the like. 

As all sandstones are mechanical aqueous deposits, they 
are always stratified. They frequently are interstratified 
with other rocks in alternate beds, such, for instance, as 
clay-slate, argillaceous shale, marl, &c. They belong to 
no exclusive geological period, but are found in those of 
most various age. 

Varieties in Texture. 

(a) Common Saitostoite. \ With grains about the size of a 

qemehteb SAimsTEiN. {Germ,) ) mustard-seed, 

* ' " Eagle stone/' the ^tites lapis of the ancients, fabled to have 
been laid in the nest of the eagle. A variety of nodular argilla- 
ceous iron-ore, having a concentnc structure and occasionally so de- 
composed within as to have a loose kernel which rattles on being 
shaken. This kernel was known by the name of Callimus, and was 
supposed to be the young in the womb of the parent nodule ; hence 
the fable of the setites bringing forth young. When there is no in- 
ternal kernel the nodule becomes a geode.' — Page, 
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n.) [ Passing into conglomerate. 



TONE I '***'" Ki«"UO V* HlX€W.V*.-X^*JOt««*^ 

(Oemi.) \ on -which the crystalline faces may 
•) J be recognised. 



(b) Coarse-grained Sandstone. 

Grobkorniqeb Sandotkin. iOerm.) 

OtRka X QROS GRAINS. (Ft.) 

(c) Fine-grained Sandstone. ) r\ h a 4. «««•«« ;«+^o« 

^ ^ FEiNKORNioER sandotein odet I Oi fine sandstonc, passuig mto dfl 

feinsandsttein. (Oerm.) I apparently compact state. 

GRfcS 1 GRAINS FINS. (Fr.) ^ 

id) Crystallised Sandstone. ) With gfrains of auartz-ciystab 
krystall8andstein. 
Qr^ criotalun. (/v.) 

In all these sandstones the texture varies not only in 
respect of the size of the grains, but in respect of their 
quantity or abundance compared with that of the cement- 
ing medium. Some sandstones, owing to the predomi- 
nance of the latter, pass into rocks of a totally dif- 
ferent character, such as marl, claystone, &c. 

Flagstone in part ; usually owes 
its texture to a plentiful ad- 
mixture of mica. 



(/) 



KnGELSANDErrEIN. 

Or^ noduleux. 



{Germ.) 
{Fr.) 



(e) Fissile Sandstone. 

ScmEPMOER Sandotein Oder 

Sandstteinschiepbr. {Oerm.) 
Gr^ fissilb. {Fr.) 

Globular Sandstone. ) With ball-shaped concretions of com- 
pact or firm sandstone in a matrix of 
more friable structure. In Transyl- 
yania very extensively developed. 

According to differences in the nature of the cementing 
material, we have the following varieties : — 

The most frequent variety. 
If the clay predominates, it 
passes into arenaceous clay, ar- 
gillaceous shale, or clay-shale. 
The next most frequent va- 
riety. If the marl predomi- 
nates, then it passes mto are- 
naceous marl or marl-shale. 
With a calcareous cementing 
medium ; somewhat rare ; 
passes into arenaceous lime- 
stone. 

solid homstone-like 



(ff) Argillaceous Sandstone. 

Thoniger Sandstein Oder Thon- 

SANDSTEiN. {Germ.) 
Gr^ argileux. {Fr.) 

(A) Marly Sandstone. 

Mergeliger Sandstein oder 
Mergelsandstein. {Germ.) 

GRJfeS MARNEUX. {Fv.) 

(t) Calcareous Sandstone. 

Kajlkiger Sandstein oder Kale- 

SANDSTTEiN. {Germ.) 
GRi:^ CALCABIFfeRE. {Fr.) 



'(k) 



With 



3T0NE. \ Witn a very soiia nomstone-UKe 
. {Germ.) [ cementing material, in which the in- 
{Fr.) ) ^^[^^g^i trains of quartz are finely 



(0 



Siliceous Sandstone. 
Ejbsei^andstein. 

Q^ 8ILICEUX. {.r., , ^^j^^^i g^aius of quartz i ^^_, , 

imbedded and are frequently not to be distinctly recognised. 
When these grains are intimately blended with the matrix, 
then this variety of sandstone passes into quartzite, quartz- 
rock, or a kind of homstone. 
Ferruginous Sandstone. \ A sandstone with hydrated 

Bisensandstein Oder eisenschussiger oxide of iron, or peroxide 
SANDSTTEIN. (Germ.) i» • •! jj 

GRfts PBRRUGiNEux. {Fr.) ) ^^ "*on, as its cemeutiDg 

material, which always 
gives the rock a red or brown colour. Sometimes it is spotted or 
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striped from the unequal distribution of the iron (Tiger Sand- 
stein, Germ. ; Tiger sandstone, Engl), K the hydrated oxide 
of iron should become predominant, as is sometimes the case, 
then we even find transitions into brown haematite. 
(m) Ejlolin Sandstone. ) With kaolin as cementing medium ; 
KA0LiNSAND6TEm. {Oerm.) ) almost always white. Occurs, e. g., 
at Wissenfels in Thuringia. If sandstones of this description 
contain only quartz and kaolin, they form very fine fire-proof 
stones, and may be used for lining furnaces j e. g. Steinhaide, in 
the Thuringian Forest. 
(w) Talcosb Sandstone. ) With a talcose cementing medium. 
Talksandstein. {Germ.) \ This variety approaches in character 
GRte TALQUEux. {Fr.) ) ^ itaxx)lumite, which, as we have 
already seen, is a kind of sandstone (vide p. 247, ante). 
(o) AsPHALTic Sandstone. \ With asphalte as cementing me- 
AspHALTSANDSTEiN. (Germ.) \ dium, a varietv onlv of exceptional 
GRfts BiTUMD^x. (Fr.) ) occuiience. 

Note. — It is frequently very difficult to determine the 
exact nature of the cementing medium, especially as two or 
more kinds often occur together in the same rock. 

According to differences in the nature and substance 
of which the grains themselves are composed, we have the 
following varieties : — 



(p) Quartz-Sandstone. Qtjartz- 

PSAMMIT. QfARTZ-GrTT. 
QuARZSANDSTEiN. iGerm.) 
GRi» QUABTZEUX. {Fr.) 



(The quartz-psammit of Nau- 
mann.S With grains of quartz. 
This IS the most frequent of 
all sandstones. 



{q) Micaceous Sandstone. Micaceous Grit. \ ^f Naumann) Con- 

OuMMEBaANDSTKiN. Mico-PSAMMiT, Naumatin. I A • • n •! e 

{Germ.) \ tammg flakes of 

P8AMMITB (GRfes MicAclt), Brongniart. (Fr.) } mica with the grains 

of quartz, 
(r) Arkose or Felspathic Sandstone.) "With grams of felspar as 
Arkosk. (Germ.) [ well as quartz, combmed 

Arkose. {Fr.) ) jn some cases with flakes 

of mica. This rock thus resembles granite in its composition, 
and is therefore sometimes called Regenerated granite. 
(si) Green Sandstone (Greensand). ] Containing grains of glauco- 
GRtJNSANDSTEiN. (Germ.) I nite with quartz, impartine: 

Gr^ vert. (Fr.) I 1 1 X 

^ ^ ) a more or less green colour to 

the whole rock, sometimes even a dark-green colour. Ac- 
cording to Ehrenberg's microscopic analysis, these glauconite 
grains usually consist of the fossils of very minute Testacea. 

Coral sandstone : the grains are fragments 
of shells or coral j the cementing mate- 
rial carbonate of lime. Rare. 



(t) Shell-Sandstone. 

MUSCHELSANDOTEIN. 

{Germ.) 
Osis coQunjJER. {Fr.) 



The difference between sandstone and gritstone is 
a vague* and undeterminable one, as must necessarily 



298 



SEDIMENTARY BOCKS. 



be the case where the things themselves are so various 
and capricious in composition and texture. The term 
gritstone is, perhaps, most applicable to the harder sand- 
stones, which consist most entirely of grains of quartz, 
most firmly compacted together by the most purely sili- 
ceous cement. The angularity of the particles cannot be 
taken as a character, since the rock commonly called 
^ millstone grit ' is generally composed of perfectly round 
grains, sometimes as large as peas and even larger ; the 
stone then conmaencing to pass into a conglomerate.' — 
Jukes, 

Jukes gives the following local terms for sandstone : — 

Rock, used generally in South Staffordshire to denote any 
hard sandstone. 

Ratche or JRoche, generally used for a softer and more friable 
stone. 

Rubble means either loose angular gravel, or a slightly 
compacted brecciated sandstone. 

Hazel is a North of England term for a hard grit. 

Pod is a similar term for any bed of firm rock, and is usually 
apj^ied to sandstone. 

Peldon is a South Staffordshire term for a hard, smooth, 
flinty grit. 

Calliard or GaUiard is a northern term for a similar rock. 

Freestone is a term in general use which is often applied to 
sandstones, but sometimes to limestones and even to granite, 
as in the counties of Dublin and Wicklow. It means any stone 
which works equally freely in any direction, or has no tendency 
to split in one direction more than another. 

Plagstone (see ante, p. 296), on the contrary, means a stone 
which splits more freely in one direction than any other, that 
direction being along the lines of the original deposition of the 
rock. These stones are ordinarily sandstones, though often 
very argillaceous, and some flagstones are perhaps rather in- 
durated clay in their beds than sandstone. 

Thin-bedded limestones may also be flagstones. 

Independently of the different petrographic varieties of 
sandstone, we have numerous geological varieties. These 
must always be determined by their bedding or by their 
fossils ; and they are frequently only local in their cha- 
racter. 



(1) The most recent Marine 
Sandstone. . 

Neuestbr Mkeressandotein. iGerm,)^ 



Which on some coasts is still 
' in process of formation. 



FEAGMENTAL GROUP. 299 

(2) Blattebsandstein (Germ.)^ contaimng impressions of leaves of 

trees ; occurs in' the Majence Tertiary basin. 

(3) MoLASSE Sandstone. ] A sandstone of the Molasse forma- 

MoLAssESANDOTEiN. {Germ.) . tion on the northern maririn of the 
Gnfcs MOLASSE. {Fr.) * i n 

^ ) Alps ; usually grej' 

(4) Browncoal Sandstone. ) Sandstone of the Browncoal 

Braunkohlensandstein. (Germ.) J formation in Bohemia and 
Northern Germany. Miocene. Frequently siliceous sandstone. 

(5) Bagshot Sand, in England. Eocene. 

(6) Thanet Sand, in England. Eocene. 

^'^ ""^^^^s^n^. (.«..)} Partly Eocene, partly older. 

^'^ ^^S^^^i^"''!^;™.) } P«-tly Eocene, partly older. 
(9) FucoiDAL Sandstone. ) „ . . ^ ^ . , 

FucoiDENSANDOTEiN. (Germ,) \ With remains of Fucoids. 

GRfcs 1 FucolDES. (Fr.) ) 

(10) NuMMULiTic Sandstone. \ Containing remains of Num- 

NuMiruLTTENSANDerrEiN. (Germ.) [ ,r»„i;7Ia 

GRi» NUMMULETHIQUE. (Fr.) ) "llAUXeS. 

(11) Balligsandstein ((?crm.). A sandstone of Switzerland. Eocene. 

(12) Taviglianaz Sandstone. i The like. Eocene. 

Tavigmanaz-Sandstein. (Germ.)} -^"'^ ^*^^' ^^^^ 

(18) MACIGNO. ) -r ^^ . -r . -^ 

Macigno. (Gtrm.) \ In North Italy. Eocene, or older. 
Maciqno. (Fr.) ) 

(14) QuADER Sandstone. ) So called on account of its rectan- 

QuADERSANDSTKiN. (Germ.)} gular jointings. In conjunction with 
the planer limestone, with which it is associated and inter- 
stratified, it forms a part of the Chalk group in Saxony and 
Bohemia. 

(15) Greens AND (Upper and Lower). ) These constitute two di- 

GRtJNSAND. (Germ.) - visions of the cretaceous 

GRte^ VERT (SUPfimEUR ET INFfcRIEUR). j ^^^ ^ England. 

(16) Htls Sandstone. > The lowest member of the Chalk group 

HiMSANDSTEiN. (Germ.) } Jn Westphalia. 

(17) Tasmxo. ) ^ sandstone of the Chalk period in Istria. 

Tabbllo. (Germ.) J ^ 

(18) Deister Sandstone. ) Westphalia, belonging to the Weal- 

DrasTBRfiANDSTEiN. (Germ.) j den formation. 
(19^ Hastings Sand, England. Wealden formation. 

(20) Portland Sand. Upper Oolite formation of England. 

(21) Dogger (Germ,). A coarse-grained sandstone, brown, some- 

times very argillaceous. Whitby, Yorkshire. Westphalia. 
Jura formation. 

Usually light-yellow and fine- 



(22) Lias Sandstone and Sand. 

TiRTARflAypgrEiN. (Germ.) 
GBi» ULASIQUE. (Fr.) 



grainea. A lower member of 
the Lias, atGotha. An upper 
member of the Lias of England. 
(23) Cardinia Sandstone. ) Containing many Thalassites 

THALAfismiK-SANDsrEiN. [(Germ.)} (Cardinia) 

(26) ScHiLP Sandstone. l A member of the Upper Keuper in 
ScHmraAiiDSTBiK. (Germ.) ' Swabia. 
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(26) Variegated Sandstone. ) So called on accoiint of its being 

BuNTSANDSTEiN. (Oertn.) y frequently particoloured. It is, 
GRte BioARRfc. (Fr.) ) however, sometimes of one uniform 

colour (white, yellow, or red). It constitutes the chief mem- 
ber of the Buntsandstein formation of Germany. 

(27) VosGES Sandstone. ] Lower division of the Sandstone 

voGESENSANDSTBiN. (Germ.) f formation of the Vosces Mountains. 

GRfcsVOSGIEN. (Fr.) ' ° 

(28) Red Sandstone op the Alps') Corresponds with the Varie- 

(Verrucano). I gated Sandstone of Germany 

RoTHER ALPKNSANDOTEm. (Germ.) I and the New Red Sandstone 
GRto RouoB DBS ALPBs. (Fr,) j of England. 

(29) New Red Sandstone. Name applied in England to the whole 

series of strata lying between the Lias and the Permian rocks. 

(30) Newent Sandstone. A member of the Keuper series of 

Gloucestershire. 

(31) Weiss- oder Grafliegendes. (Germ.) A White or Grey 

Sandstone (frequently conglomeratic), forming the lowest mem- 
ber of the Zechstein in Thuringia, and sometimes containing 
copper-ore (Sanderz). 

(32) CuPRiPEROus Sandstone. ] A member of the Permian forma- 

KupPERSANDOTEiN. (Germ.) I tion in Russia. Old Red Sand- 

GR^ CUPRIFfcRE. (Fr.) j ^^^^^ ^^ ^^^^^ ^^ j^^i^^ 

(33) RoTHER Sandstetn. (Germ.) Former designation for the Roth- 

liegende formation, containing arkose and other sandstones, 
usually of red colour. 

(34) Carboniperous Sandstone. ] White, brown, yellow, grey, 

KoHLKNSANDSTKiN. (Germ.) [ or almost black, in which case 
GBJs Homua.B. (>y.) j .^ ^^^^^ ^yl^^ Frequent 

in the Carboniferous strata of old countries. 
(36) Millstone Grit. 1 Lowest member of the Coal 

SS^""(^r™'-^'"™''^fo™'^tion sometimes. 

(36) GREYWACKi: Sandstone. \ Usually very firm, v^th ar- 

GRAuwACKEN-SANDarrKiN, Oder kor- Dfillaceous cementinff medium. 
NiGK Grauwackb. (Germ.) ' txri.«« «^«^ ««^ ^«;««.J «» 

ViEux GRfes RouoB. (Fr.) Whcu Very fine-gramed, or 

^ almost thick, it has been 
called grauwackb or quartzite ; sometimes it is very coarse- 
grained, even conglomeratic. If the clay medium should 
become slaty, then it goes over into greywack^-schist. It is 
frequent in Devonian formations. Delesse, however, appears 
to have understood something different in the Vosges under 
the term of greywack^, since he says that it consists almost 
entirely of albite, forming a felspathic matrix, containing 
quartz, hornblende, several kinds of mica, chlorite, and occa- 
sionally some carbonates. Ann. des Mines, vol. iii. p. 747 ; 
V. L. u. Br. Jahrb. 1866, p. 369. 

(37) Baggy Point Sandstone (Page). Upper Devonian. 

(38) Dura-Den Sandstones, Fifeshire (Page), with Hohptychii 

and Pterichthys. Upper Devonian. 

(39) DuNSE Sandstones, Scotland (Page), Red and white. Upper 

Devonian. ' 

(40) Flagstones of Forfar, with Cephalaspky Cheiracatithusy and 

Pterygotus. Lower Devonian. 
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^41) Ludlow Sandstoitb, micaceous, prey. Upper Silurian. 

(42) Wenlock Sandstone, Upper Llandovery; gritty. Upper 

Silurian. 

(43) Cakadoc Sandstone, frequently quartzite. Lower Silurian. 

(44) Llandbtlo and Lingula Flags, laminated sandstone, rich in 

mica. Lower Silurian. 

(45) Stipeb Stones, Shropshire; siliceous sandstones, passing into 

quartz rock. Cambrian. 

We will cite a few treatises only as to sandstone, re- 
lating to special varieties. 

JReferences. 

Gerhard draws attention to the fact that the grains of quartz 

are angular and transparent in many sandstones. Abhandl. 

d. herl. Akad. 1816-17, p. 13. 
Schafthdutl found grains of amorphous silica in sandstone, y. 

Leonhard's Jahrb. 1846, p. 648. 
ZetischneTy Schifthautly and v, Hauer, on Carbonate of Lime 

and Magnesia as connecting Media, v. Leonhard's Jahrb. 

1843, p. 166 ; 1846, p. 665; and Jahrb. d. geol. Reichsanst. 

vol. V. p. 880. 
Chdberlet published a treatise on the crystalline sandstones 

formed between the Vogelsgebirge and the Rhon, in v. 

Leonhard's u. Br. Jahrb. 1811, p. 860. 
Ehrenbergj on Greensand, Berlin, 1856, in v. L. u. Br. Jahrb. 

1866, p. 469; and 1867, p. 91. 
Bischof considers the mica of the sandstone as a recent forma- 
tion. Geologic, voL ii. p. 1450. 

Appendix. 
This seems the most appropriate place in which to in- 
troduce the mention of loose sand, which consists of in- 
coherent grains of quartz, or other mineral, and to a 
certain extent is a necessary preliminary state to the 
formation of all sandstone. 

SAND. 

Sakd. {Germ,) 
Sable. (Ft.) 
UmdUy grains of quartz, sometimes, haicever, of other minerals, 
e. g. felspavi dolomite, cakspar, mica, and the like ; without 
binding medium^ 

These loose aggregates of mineral grains need no further 
description, although they may vary considerably in the size 
as wdl as the substance of their individual particles. A 
certain coarse sand is called grit. 

Sand sometimes derives a special importance from admixture 
of metallic grains or precious stones ; these, however, only occur 
locallyi and are subordinate in quantity ; thus, for instance, 
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sand is found to contain grains of gold, platinum, tin-ore, mag- 
netic iron-ore, diamond, zircon, hyacinth, topaz, emerald, garnet, 
pvrope, &c. It is worthy of remark that such admixtures are 
almost unknown, except in the newest incoherent aggregates 
of sand or clay (stream beds), very seldom in solid sandstone. 
It may be, hoWever, that solid sandstones do contain similar 
ingrecUents, and only that they have been less subjected to in- 
vestigation than the loose superficial sand. Traces of gold 
have been actually found, e.g. in the Molasse sandstone of 
Switzerland, and again, some tin-ore has been discovered in a 
sandstone of Brittany. 



CONGLOMERATES. 
40. CONGLOMEEATE, PUDDINGSTONE. 

CONGLOMERAT, POUDDINGSTEIN. (Germ.) 
CoNGLOMiRAT, POTJDINGTJE. (Fr.) 

Pebbles or rounded stones of any mineral or rockjirmly 
cemented together by media of various kinds. 

Conglomerates are of very various composition. Al- 
most the only restriction to the nature of their materials is 
that pebbles can only consist of a very firm substance 
capable of resisting decomposing influences. Their bind- 
ing medium usually consists of some of the most frequent 
and abundant of the earth's materials, such as clay, sand, 
quartz, or oxide of iron. The pebbles chiefly consist of 
quartz, lydian-stone, granite, gneiss, mica-schist, quartz- 
porphyry, greenstone, basalt, compact limestone, and the 
like ; much more rarely of sandstone, clay-slate, argilla- 
ceous shale, coal, and the like. 

A special geological importance attaches to conglome- 
rates, from the fact that they must in every case be more 
recent than the rocks whence their pebbles were derived. 
Thus they often serve to determine the relative age of 
individual rocks. By noting the position of the parent 
rocks, the geologist is often enabled to draw conclusions 
as to the course and direction of former watercourses. 
Again, they often present interesting phenomena pointing 
to certain special processes in their formation. For 
instance, the pebbles are sometimes broken or dislocated, 
their parts remaining imbedded close together ; or the 
pebbles are found marked with grooves and scratches ; 
or they are sometimes indented and forced one into 
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another (which latter case is the most difficult of expla- 
nation). There is a conglomerate at St. Loretta in the 
!Leitha Mountains, of exceptional character, containing 
hollow limestone pebbles, the inside cavities of which are 
concentric with the outside surface. 

It is difficult to classify conglomerates, on account of 
their manifold variety. We can, of course, speak of more 
or less coarse textures — ^we may also designate them ac- 
cording to the nature of their principal pebbles, or the 
character of their binding medium. Some examples will 
suffice to explain how such a mode of nomenclature might 
be adapted to individual cases. Taking the nature of the 
pebbles as the distinguishing feature, we may speak of 
quartz-conglomerate, porphyry-conglomerate, gneiss-con- 
glomerate, or miscellaneous conglomerate ; or, according 
to the character of the matrix, we may call the rock 
argillaceous, siliceous, ferruginous, &c. 

The following are conglomerates which have been 
specially named from their bedding or geological posi- 
tion : — 

(1) Nagelfltje. \ A conglomerate of the Molasse 

Nagelfluhe. (Germ.) f formation on the northern marsdn 

CONGIX)MfiRAT ALPIN. (Fr.) ) ^^ ^^^ ^j^^^ ^j^^ p^^^j^^ ^j^^fl^ ^^^_ 

sisting of Alpine limestone, but partly of quartz, lydite, granite, 
gneiss, &c. 

(2) Planerconglomerat {Germ.) in Saxony belongs to the Quader- 

sandstone, with pebbles of granite, syenite, or quartz-porphyry 
bound together by sandstone cement. 

(3) HtLSCONGLOMERAT (Germ.^y with limestone and ironstone peb- 

bles, and likewise many remains of shells, occurring in the 
lower division of the Hils formation of Wesl^halia. 

(4) VosGES Conglomerate. I Lower division of the variegated 

CoNGLOMftRAT V08GIBN. (Fr.) ' saudstonc of the Vosges, with 
many pebbles of quartz and lydite. 

(5) Conglomerate of the Weissliegende. I In Thuringia, the 

CoNGi/)MERAT DEs Wkissliegendkn. ((?erm.)j ' lowest member of 
the Zechstein formation, with numerous pebbles of quartz, 
lydite, and clay-slate. 

(6) Conglomerate of the Rothliegende. I In Germany, with 

CONGLOMERAT DES ROTHUEGENDEN. (Germ.) ' pcbblcS of QUartZ 

lydite, granite, gneiss, mica-schist, and quartz-porphyry, and 
a cementing medium of ferruginous sand. 

(7) Grey Conglomerate. ) Lowest member of the Rothlie- 

Graues CONGLOMERAT. (Germ.) ) gende, in Saxony. 

(8) Conglomerate of Hainichen. l In Saxony, answering to 

CoNfchLOMERAT VON Hainichen. (Germ.) > the Carboniferous Lime- 
stone formation -, containing clay-slate, mica-schist, gneiss, 
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granulate; granite^ and greenstone y binding medium arenaceous 

and of brown colour. 
(9) GRETWACKife Conglomerate. } At the Hartz, in Thuringia, 
Gradwackbn-conglomerat. iOemu) \ in Bohemia, and other places, 
GRAuwACKB OB08SI4BE. (Fr.) ) ^^ Devouian, partly Si^ 

lurian, with pebbles of quartz, lydite, day-slate, granite, &a 

Binding medium argillaceous, or arenaceous, and of grey colour. 

We should state that there are some so-called pudding- 
stones which have altogether the appearance of conglo- 
merates, but, in fact, are not such, as they do not consist 
of pebbles cemented together, but they contain rounded 
concretions of some siliceous or calcareous substance. 

We shall confine our references to some treatises con- 
taining mention of special phenomena. 

Heferences, 
Haidinger, on the Lauretta Conglomerate, in Ber. d. k. k. 

Akad. d. Wissensch. zu Wien, 1856, July 16. 
Lartet, on Pebbles showing Indentations, in v. L. u. Br. Jahrb. 

1836, p. 196. 
Blum, on the same, ibid. 1840, p. 525. 
Datdn-Se, on the same, in Compt. rend. vol. xliv. p. 823. 
CoUa, on the same, Geol. Fragen, 1858, p. 204, and on Ver- 

worfene Geschiebe in the same account, p. 212. 
Wurtenberger, on the same subject, in v. L. u. Br. Jahrb. 1859, 

p. 153. 
Deicke, on the same subject, ibid. 1860, p. 219. 
Gurky on the same subject, ibid. 1861, p. 225. 

Appendix. 
BOULDERS and PEBBLES. 

Geschiebe imd Gerollb. (Germ.) 
These may consist of very various materials ; and when united by a 
cementing medium, they form a conglomerate rock, 

Erratic Illocks and Boulders are of especial geological im- 
portance; they are sometimes only partially roimded, and 
they are dispersed over the earth's surface, far £rom their 
parent rocks. 

They consist of very different kinds of rock, and have for the 
most part been transported to their present position by means 
of glaciers or of drift-ice. 

41. BEECCIA. 

Breccie. (Germ,) 

Bkechb, Brecciola, Brongniart, (Fr.) 

A rock composed of angular fragments of minerals or 
solid rocks cemented or bound together by some matrix 
or binding medium. [Brecciola when the frag- 
ments are small. J 
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Breccias, like conglomerates, may consist of the most 
various substances, both in their £ragmental ingredients 
and their connecting medium, whence a similar richness 
in the number of varieties, which are too numerous and 
manifold to admit of classification. They must in each 
case be named according to the character of their in- 
gredients — thus, quartz-breccia, gneiss-breccia, limestone- 
breccia, &c. — or according to the nature of their matrix, 
as in the case of conglomerates. 

Breccias are geologically important, because in every 
case the fragmental parts must be of greater age than 
that of the rock itself; also because they indicate violent 
disruption of the rocks in their immediate neighbourhood, 
and from the circumstance that very angular fragments 
can never have travelled very far from the place of their 
original bedding. 

The following kinds of breccia are noteworthy on geo- 
logical grounds. 

Geological Varieties. 

(1) Fbiction Breccias. \ These are breccias fonned 

reibttkosbrbccien. iOerm.) f at the manrin of eruptive 

BRfcCB^^ DB PnXJN (DK FROTrEMHNT). Y • ^ ^^^ ^^ ^^^ ^^ ^^ 

) their eruption; the matrix 
of the breccia consisting of the substance of the igneous rock, 
and the enclosed fragments being pieces of the rocks broken 
through. These breccias are very frequently found at the 
margin of porphyries, greenstones, basalts, trachytes, &c., and 
may be designated accordingly. 

Simler has given the name of Metamixite to these contact 
formations. (Ueber Petrogenese, 1862.) 

(2) Quabtz-Breccia. \ Consisting of fragments of quartz 

QuARZBRocKENFELs. (Germ.) I bound together by quartz or by 

BR4CHE siLicEusB. (Fr.) I ferruginoSfl auartz. It very fri 

quently occurs as the filling up of wide gaps or clefts in 

the c^stalline schists, e.g. at Schwarzenfels in the Erzgebirge. 



(3) Bone Breccia. 

Knochenbrbccie. (Germ.) 
Bb^hb a Ossements. (Fr.) 



A breccia whose fragmental por- 
■ tions chiefly consist of fossil bones, 

frequently foimd in clefts and ca- 
vities of limestones, and, as it would appear, always of very 
recent origin. 
(4) Haselgebirge (Germ.) is the name given to certain breccia- 
like rocks occurring in connection with the rock-salt forma- 
tions of the Northern Alps. They consist of clay as matrix, 
and contain very various fragments of the neighbouring rocks. 
They have probably arisen from the breaking in of 3ie roof 
of cavities caused by partial washing away of the rock-salt. 

X . 
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Topaz Kock. 



T0PA8FBLS. ( Germ, ) 

TOPAZOLTTHE, TOPAZOOfeUB, 

Brongniari, (Fr.) 



This rock may be treated as a breccia, 



and is therefore placed here. We 
shall also notice it again as a sepa- 
. rate rock (page 324, post). 
CoUa, on Breccia formation, in Geolog. Fragen, 1868, p. 186. 

Appendix. 

ACCTJMTJLATIONS OR HEAPS OF LOOSE FRAGMENTS OF StONBS OE 

Rubbish. 

These may be naturally or artificially formed, e.g. naturally 
by the fall of a rock or mountain, or artificially by the * tip- 
pmg ' of stones at the mouth of a mine or elsewhere. 

42. TUFA or TUFF. 

TrFFBrLDTTNGEsr. (Genn,) 

TlTF. (jFV.) 

Accumulations of lapilliy fragments^ ashy or other sub- 
stances^ ejected from volcanoes^ and more or less firmly 
compacted together. 

We can hardly, within reasonable limits, give a more 
definite description of these rocks, on account of their 
great variety both of state and composition. They may 
be best understood by a description of the mode of their 
origin ; volcanoes during their eruptions cast out masses 
or lumps of lava, usually scoriaceous — so-called * bombs' 
— which are for the most part rounded, and vary in size 
from the size of a man's fist to that of a human head and 
larger ; but besides these bombs, volcanoes also emit what 
is termed * volcanic sand,' and even dust-like particles of 
lava or ^ volcanic ash,' often accompanied by non-volcanic 
fragments which have been torn away from the sides of 
the crater. 

In still weather all such products fall on the slopes, or 
in the immediate neighbourhood of the volcano ; but in 
storms of wind they are often borne to a considerable dis- 
tance, and so become separated according to their size and 
weight. If the volcano be in the neighbourhood of the 
sea, or of a freshwater lake, then they often fall into 
these. 

They are likewise frequently washed down by floods 
of rain from the steeper slopes of the volcano, and are so 
accumulated in one or more separate localities. By such 
means they cover the land with a loose stratum, or with 
the assistance of water they become more or less regularly I 



FRAGMENTAL GROUP. 307 

stratified, form deposits of various thickness ; and some- 
times trunks of trees or other substances become imbedded 
with them. Again^ if these volcanic products are de- 
posited in considerable quantity, either in the sea or 
freshwater basins, then they envelope such remains of 
coral, shells, fishes, and the like, as may happen to come 
in their way, these latter being in such case converted 
into fossils. 

Such is the origin of volcanic tufa, which may therefore 
either be a land formation, or a freshwater, or marine 
formation. At some very lofty volcanoes, especially some 
near Quito, there occur streams of mud, which are oc- 
casioned by the rapid melting of the mountain snow or 
the bursting of some internal reservoir of water. The 
violent rush of water carries with it all loose materials 
with which it comes into contact, converting them into 
mud, which is deposited where the mountain slopes are 
most gradual. The mass thus formed is called Moja. It 
is, however, nothing but a kind of volcanic tufa. 

Tufas sometimes contain fragments of various kinds, 
large and small, angular and rounded, confusedly mingled 
together ; sometimes the fragments have become sorted 
according to size and weight, so that we find some tufas 
consisting entirely of fine dust resembling claystone ; 
others of small grains resembling sandstone ; and others, 
again, of only coarse fragments resembling conglomerate. 

It would be impossible to distinguish and arrange the 
manifold varieties of tufa systematically ; we can only in 
some measure indicate the local designations for particular 
varieties, commencing with those belonging to active 
volcanoes, then instancing those associated with the older 
volcanoes, or even, as sometimes happens, with plutonic 
igneous rocks. A genuine plutonic, i.e. subterranean, 
formation of tufa, is not to be imagined as possible. 
Therefore, as we nevertheless sometimes find tufas con- 
nected with and belonging to plutonic rocks, for instance 
with greenstones and quartz-porphyries, we must assume 
that these greenstones and quartz-porphyries formerly 
had an upper volcanic portion to which the tuff formations 
properly belonged, but which has since been destroyed 
and washed away, whilst a part of the tufas have been 
preserved, being perhaps protected by other deposits. 

X 2 



very various sizes, joined 
together by pulverised 
particles of basalt or by 
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We have no tufa formations belonging to the granites, 
because they never reached the surface in their melted 
state, and tufas and breccias are the result of eruptions 
which .have taken place at the surface of the earth, or 
beneath the waters of shallow seas. 

(A) VOLCANIC TUFAS, BASAXTIC AND TRACHYTIO. 

The materials of which they consist are slags, lapilli, ash, 

fragments of pumice, or lava mixed with other substances. 

Their structures are rough, earthy to compact, arenaceous, 

conglomeritic, or breccian. 

(a) Peperino. ) Grey wackenitic matrix, enclosing laminas 

Peperin. (Oerm.) \ of black mica and srains or crvstals of 

^ •'' augite, leucite, and magnetic iron-ore; 

sometimes with angular fragments of basalt, leucite rock, 

limestone, and the like. In the Albanian Moimtains it occurs 

in extensive beds of great thickness. 

(h) Basaxt-tufa, and Basalt-con- ^ Fragments of basalt of 

GLOMERATE, Or BrECCIA. 
Basalttuff und Basalt-Conolombrat 
Oder Breccib. {Germ.) 

TUF BASALTIQUE, Ck)NOL0MfiRAT BA6AL- 

HQUE. (/v.) clay, or some other de- 

composed rocky matter. This kind of tufa often likewise 
contains fragments or pebbles of other rocks, pieces of augite, 
hornblende, olivine, mica, and magnetic iron-ore, grains of 
glauconite, &c. It is occasionally penetrated by neste and veins 
of calcspar, aragonite, or sparry iron-ore. It frequently con- 
tains fossils. 

(c) Palagonite-tufa. I This is the name given by Sartorius 

PALAGONirruFF. {Germ.) f y. Waltershausen to a variety of basalt 
PALAooNiTE. (/T.) ^ tufa, first observcd by him uear Pak- 

gonia in Sicily. It is probably the product of transmutation 
ETom ordinary basalt tufa, taken place under water. The prin- 
cipal mass 01 this rock consists of a peculiar mineral formation 
termed palagonite, which shapes itself into compact masses, 
or into aggregates of small pains ; and it encloses fresh pieces 
of basalt, dolerite, or basaltic amygdaloid. Palagonite itself is 
amorphous, resembling pitch, with a yellow to blackish-brown 
colour, vitreous to greasy lustre, conchoidal or splintery frac- 
ture. H. 4*6. Spec. grav. 2*4 — 2*6. It is a hydrous silicate 
of iron, alumina, lime, and magnesia, with little potash or soda. 

(d) Puzztjlana. I A loosely coherent deposit of volcanic sand, 

PuzzuLAN. {Oerm.) \ yery useful in the construction of hvdraulic 

PouzzoLANE. {Fr.)) ^^^^ y 

(e) Trachyte-tufa, Trachtte-con- \ Fragments or pebbles of 

GLOMERATE, TrACHTTE-BRECCIA, 

Trachyttuff, Trachyt-Brbccib und 
CONGLOMERAT. {Germ.) 

TUF TRAOHYTIQUE, CONGLOM±RAT TRA- i ./ j/ jr r 

cHYTiQUE. {Fr.) tides of the same ma- 

terial. Or the matrix oc- 
curs alone as a compact fine earth mass of a white, yellow, or 
even green colour. Sometimes it contains pieces of sanidine 



trachyte are more or less 
firmly cemented together 
by finely pulverised par- 



(/) PuMicEous Tttpa, Ptjmiceous Sand 
and Conglomerate. 

BlMfiTTKINTUFP, BiHSTEIN-SAND Und CONGLO- 

MERAT. (Germ.) 
Tut PONCEUX, CONOLOMfiRAT PONCBUX. (Fr.) 
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hornblende, or magnetic iron-ore in a better state of preserva- 
tion. In clefts and fissures of the tufi^ an opal-like stone has 
found itself at Kaschau in Hungary; for instance, precious 
opal. Here and there it contains impressions of plants and 
other fossils. 

White, yellow, or grey ; 
its texture earthy to 
compact, very rough 
to the feel. It con- 
sists of an aggregate 
of pulverised particles of pumice-stone, frequently enclosing 
fragments of the same or of trachyte. As accessory ingredients, 
it also contains laminae of mica, crystals of felspar, grains of 
magnetic iron-ore, less frequently quartz and garnet. The fine 
pumiceous tufa has sometimes formed itself into small con- 
centric globules (pisolites), as happens at the present day when 
rain occurs during a volcanic shower of ash. 
(ff) Trass (Rhine), Patjsilippo Tufa a Are only local varieties 
(Sicily), ToscA (Tenerifle). I of pumiceous tufa which 

TBA88 (DucKBTEiN), Pausilipptuff, Tosca. c sometimes contain car- 
Tra^'t^ du PAusnjppB. (Fr.) J l)oni8ed trunks of trees 

and other organic re- 
mains, and usually are well adapted to the construction of 
hydraulic mortars. Much of this pumiceous tufa seems to be 
the product of volcanic mud-streams, and therefore to answer 
to the moja of South America. 
(h) AlLum-Stone, AJiUM Rock (Tolfa). ) Is the name given to 
Alaunstein, Aladnpels, Tolpa. (Germ.) f a certain arfiilo-tra- 
ALu^iTEDELAToLPA. (Fr.) ^ ) chytic tufa. Containing 

alum, occuiTing at Bereghsacz, in Hungary, and at La Tolfa, 
in Italy, &c. But much of what has received this name is 
probably only decomposed trachytic rock, and therefore not a 
genuine tufa, 
(t) Phonolite-tufa, and Con-v Fragments or pebbles of pho- 

nolite are united together by 
an aggregate compound of 
ashy particles, and of earthy 
to compact texture, sometimes 
containing sanidine, hornblende, augite, &c. It is foimd, e.g., 
in Hogau and at the southern foot of the Erzgebirge. 

(3) TUFF FORMATIONS OF PLUTONIC ROCKS. 

(k) PoRPHTRT-TTJPF, Or Felsite-ttjff \ Sometimes Called clay- 

(Felspathic Ash), Jukes, I stone ; a compact ag- 

PoRPHTRTUFP Oder FBLsrrruFP. (Germ.) { fireerate of felsitic parts, 

TUPPOBPHYRIQUEOUPm^ATHIQUB. (^r.) } ^^^^^^^^ ^^^^^^^^^^ 

fracture earthy, often variegated in colour, seldom distmctly 
stratified, but sometimes containing fossil plants, especially 
trunks of trees. At Chenmitz, in Saxony, where this tufa occurs 
as the lowest member of the Rothliegende, it is supposed to 
belong to the quartz-porphjries of that district. It is, how- 
ever, very difficult to distmguish these rocks in themselves 
from ordmary claystones, or from certain products of decom- 
position of compact or porphyritic felsitic rocks. 



glomerate. 
Phonouttupp und Conglomerat. 

(Germ.) 
Tup phonoltthiqub, Gonolom^rat 

phonouthiqub. (/>.) 
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Porphyry-tuff sometimes encloses fragments and pebbles of 
quartz-porphyry, and thereby passes over into a kind of po> 
phyry-breccia or conglomerate. At Floha, in Saxony, there 
occurs a porphyry-breccia of this description, the matrix con- 
sisting of crystalline particles of felspar. 
(/) Greenstone-tufp, and Greenstone-conglo-] A compact ag- 
MBRATB (Gkbenstone-ash). .gregate of pul- 

GRtoSTEINTUPP Und GRtJNSTBINOONOLOMERAT. {Oemu) verisod Or 800(1- 

Tuy DioRinQUB et CoNOLOMfeRAT DioRinQUB. (/v.) j |.i xjarticlea of 
greenstone ; fracture earthy ; colour grey or brownish-green, 
sometimes enclosing fragments or pebbles of greenstone, and 
frequently organic remains. 

At Planschwitz, in Saxony, greenstone-tufa is imbedded 
between strata of greywack^ slate, and contains many fossik of 
the Devonian formation. Probably much of what in Nassau 
has been called schalstein belongs to greenstone-tufa. On 
account of the indistinct character attached to the name schal- 
stein, we have preferred to treat it separately. 

In Southern Tyrol, in theFassa district, Von Richthofen 
has lately made distinctions between eruptive tufas, sedi- 
mentary tuffs, and regenerated tuffs, but they all belong 
to augite rocks, and take their geological rank amongst 
the deposits of more recent Trias formations. 

Meferencea, 

Naumanuy on Porphyry-tufa, in the Erlauter. z. geogn. Karte 

V. Sachsen, 1838, No. 2, p. 434. 
Gruner, Porphyry-tufa with Mica Crystals in the Dep. of the 

Loire, Ann. des Mines, 1841, [3] vol. xix. pp. 98 and 122. 
Beudantf Voyage min. et g^ol. en Hongrie, vol. ii. p. 416. 
V. Oeynhausen, on Trass, in the Erlauter. z. geogn. Karte des 

Laachner Sees, 1847. 
Brongniart has given the name of Brecciole to certain basalt- 
tufas of an arenaceous texture, in the M^m. sur les terr. des 

s^dim. sup. du Vincentin. Paris, 1823. 
Sartorms v, WaUershameHf on Palagonittuff : Die submarinen 

Ausbr. des Val di Noto, 1846, p. 34 ; Skizze von Island, 

1847, p. 76; Vulk. Gest. in Sicihen und Island, 1863, pp. 

179 and 216. 
DanviTif Palagonittuff on Chatham Island, in Geol. obs. on the 

vole, islands, 1844, p. 98. 
Sandberger, Palagonittuff at limburg in Nassau, in Geol. Verh. 

d. Herzgoth. Nassau, 1847, p. 81. 
Qirard, Palagonittuff near Montpellier, in v. L. lu Br. Jahrb. 

1863, p. 668. 
V. Rickthofeny Geogn. Beschr. v. Siid-Tyrol, 1861. 
W» EvaSf Felsittutf von Chemnitz Analyse, v. Leonh. u. Br. 

Jahrb. 1861, p. 643. 
MitscherUch, iiber den Alaunstein, Zeitschr. der geol. Ges. 1862, 

p. 253. 
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Appendix, 

Some part at least of what lias been called schalstein belongs 
to the tuia fonnations ; we therefore propose here to treat of all 
the rocks to which this name has been applied, and we shall 
subjoin a few observations on the so-callea laterite. 

43. SCHALSTEIN. 
Schalstein. (Germ,) 
So many rocks have been described under this name^ 
that we can only say in general that by it is understood a 
laminated rock •interspersed with small particles of calc- 
spar. We must distinguish them according to their 
localities and the authors who have described them. 

(A) Schalstein, or Blatterstein-shale. ) In Nassau. This 

ScHAuerrEiN oder Blatteboteenschikvkr. (Oenn.) ) rock was certainly 
first to receive the name, but it varies greatly in its character. 
The base or matrix appears here to be a very fine somewhat 
laminated greenstone-tufa, which contains calcspar in grains or 
thin layers of green, grey, or variegated spotted colour. In 
some places, however, this rock partakes of the character of 
breccia, or is porphyritic by reason of crystals of labradorite, 
or it is amygdaloidal, or is even penetrated by clay-slate and 
chlorite-schist. In the Rhenish grauwacke district it usually 
occurs in company with greenstone (diabase) — a circumstance 
which confirms its origin as a tufa formation. 

Sandberger distinguishes the following varieties of 
schalstein in Nassau: — 

(a) Normal Schalstein. 

(bS Calcarbotts Schalstein, with much calcspar. 

Ic) ScHALSTRiN-BRECCiA, wltn calcspar as the cementing medium. 

((f) SCHALSTEIN-CONGLOMERATB. 
(e) SOHALSTEIN-AMYGDALOID. 

(/) Porphyritic Schalstein, with crystals of labradorite. 

These are therefore varieties consisting of what under 
other circumstances we should perhaps consider quite 
dissimilar rocks, and which here are only classed together 
because of their occurring together or imder similar cir- 
cumstances in the Devonian formation. 

(B) Schalstein, or Calo-trap, which is a somewhat slaty diabase 
or aphanite, conteining grains of calcspar, and therefore may 
be classed among those greenstones (see pp. 148, 159). 

^C) Schalstein of Zblle, near Nossen. ) Is only a variety of 

ScHAurrEiN VON Zellb bei Nosskn, Oder Schal- ' . • • 

STEiNAHNiJCHEB Thonschiefeb. (Oerm.) 



loids of calcareous spar. 



■ clay-slate containing 
grains or amygda- 
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The name of schalstein has been used, or abused, for 
many other kinds of rock, and hence we find a tolerably 
rich literature on the subject. 



?3^ 
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Appendix. 

We shall here append a rock of somewhat doubtful 
character. 

Latebite. This is the name given by English geologists to 
certain rocks of East India, which in part are red traps, very 
much resembling brick, but others are the products of the 
decomposition of crystalline schists. Upon such imcertain 
data, of course, no definite character can be established for a 
rock. 

Heferences, 

GumprecMs Zeitschr. f. Erdkunde, vol. v. p. 160. 
According to v. Rickthofen, the laterite of Ceylon is decom- 
posed calcareous gneiss : v. Leonhard*s Jahrb. 1862, p. 739. 
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CHAPTER IV. 

ROCKS OF SPECIAL CHARACTER OR BEDDING. 

We propose under this general head to gather together 
several formations of very various character, but subor- 
dinate extent — in point of comparative bulk hardly im- 
portant enough to be considered altogether essential 
ingredients of the earth's crust Several of the rocks we 
have classed under previous heads are likewise compara- 
tively insignificant in point of their extent, but they form 
part of larger connected groups, and so enter into the 
family of the great rock formations of the globe. In this 
chapter we have to deal with more separate and discon- 
nected formations, frequently of local character only, and 
which we rather force into groups for the sake of conve- 
nience than in conformity with the nature of their origin, 
which is very various and in many cases doubtful. Some 
are of igneous, some of sedimentary or metamorphic 
origin, but others, in their bedding and composition, differ 
so much from the greater part of the rocks of each of 
those three classes, that we are compelled to regard them, 
for the present at least, as problematical formations, al- 
though we may account for several by supposing a con- 
currence of extraordinary and exceptional circumstances 
at their first origin or during their mutations. 

We have not, therefore, attempted to classify these 
special rocks according to origin ; but have arranged 
them somewhat arbitrarily in groups in the following 
order : — 

1. Serpentine rocks. 

2. Garnet rocks. 

3. Greisen and schorl rocks. 

4. Coal and carbonaceous rocks. 

5. Ironstone rocks. 

6. Various minerals as rocks* 
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SERPENTINE GROUP. 

These are rocks, probably, of very various original 
character, but which have all undergone the same special 
transmutation. This process has not been one of increase 
of crystallisation, nor of actual decomposition : it seems to 
have simply consisted in the absorption of magnesia, just 
as we know has happened in the case of many and various 
minerals. These have been converted from their original 
state into serpentine, steatite, or other magnesian com- 
pounds, and are pseudomorphs retaining the form of their 
original crystallisation. 

44. SERPENTINE, OPHIOLITE. 

Serpentin, Ophiolith. (Germ.) 
Serpentinb. (Fr,) 

A compact rock, dull in fresh fracture, soft, with greasy 
feel, usually dark-green or brown. 
Spec, gray 2-5 — 2-7. 

It may be doubted whether serpentine exists as an 
original and independent mineral ; for the crystals with 
amorphous fracture, which some mineralogists call ser- 
pentine, according to others are nothing more than 
pseudomorphs of chrysolite or some other mineral. If, 
however, the existence of serpentine as an independent 
mineral were established, the question still remains 
whether the rock which we term serpentine is to be re- 
garded as consisting of such mineral, because, although 
its composition is similar, in many cases it may be dis- 
tinctly shown that the rock has been derived by trans- 
mutation from other rocks. We know of undoubted 
pseudomorphs of hornblende, felspar, augite, &c., con- 
sisting of a substance bearing at least a very close resem- 
blance to serpentine, and actually so called. We will not 
pursue this mineralogical question further, but proceed 
to the description of the rock. 

Serpentine rock consists of two-thirds silicate of mag- 
nesia combined with 12 — 21 per cent, of water. It also 
contains some protoxide of iron, and this, as well as the 
water, enters into combination with the silica, supplanting 
a part of the magnesia : the proportion of silica varies 
from 38 to 43 per cent. ; the magnesia from 34 to 44 ; 
lime, clay, manganese, bitumen, and carbon are only 
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present in small quantity. The mass is so soft and trac- 
table^ and yet so tough, that it admits of being cut into 
various shapes or turned with the lathe. Its unctuous 
feel is a very characteristic property of serpentine, and is 
caused by the great quantity of magnesia which it con- 
tains. Probably the niunerous friction surfaces which 
often divide the rock in all directions are also owing to 
the presence of magnesia. These surfaces have a resinous 
lustre and are sometimes striped. The rock is usually of 
a dark-green colour, but some varieties are light-green, 
grey-green, brown, reddish-brown, or almost black, and 
the rock sometimes presents rapid alternation of colour, 
causing spots, flames, or vein-like markings. 

The principal mass of serpentine often porphyritically 
encloses many minerals of various kinds. The most fre- 
quent are pyrope, or magnesia-garnet, sometimes accom- 
panied by talc, less frequently bronzite, schiller-spar, 
chlorite, mica, magnetic iron-ore, pyrites, mispickel, 
chromic iron-ore, and very rarely (in the Ural) native 
platinum. The quantity of magnetic iron-ore is ex- 
ceptionally so considerable, as to influence the magnetic 
needle ; for instance, in the Fichtelgebirge, where, how- 
ever, the rock is not a very characteristic serpentine. The 
mass of serpentine rock is frequently penetrated by veins 
consisting of fibrous serpentine (asbestus), chrysotile, 
chlorite, or picroKte. 

Somewhat more rarely there occur veins or nests of 
calcspar, calcareous magnesian spar, magnesite, saponite, 
pyknotrope, dermatine, talc, brucite, volknerite, horn- 
blende, strahlstein, quartz, chalcedony, jasper, chrysoprase, 
opal, pyrites, chalcopyrite, chromic iron-ore, magnetic 
iron-ore, and native copper. 

Varieties in Texture. 

(a) Common Compact Sebpentinb. 

DiCHTBB Sebpentin. (Oerm.) 
Serpentine compacte. (Fr.) 

(b) PoRPHYKiTic Serpentine. ) Often with crystals of py- 

PORPHYRARHOBR SEBPENTIN. (Germ.) j pOpe. 
SBBPENTINE POBPHTBOltDE. (Fr,) ' ^ 

(c) Slaty Serpbntinb. \ r^o. - ^i- i i 

scHiKFBioEB sbbpentin. (Germ.) [ Of uuperfect thick cleavage. 

SEBPENTINE 8CHIOTKUSB. (Fr.) J 

(d) Veined Serpentine. 

Gbadebteb Sebpentin. (Germ.) 

Sbbpbntina BBlecHiFOBMB, Ophiolxthe, Brotigniart. (Fr.) 
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Inasmuch as all serpentine is probably the product of 
the metamorphosis of some other rock, it need hardly be 
said that transition states of this metamorphosis are found 
which differ not only from the extreme result of the pro- 
cess of change — the genuine serpentine — but from each 
other. If, however, this theory of the origin of serpen- 
tine be well founded, we cannot always succeed in deter- 
mining with certainty the character of the original rock ; 
perhaps in these cases the whole of the rock's mass has 
undergone change, and if bordered by other rocks of a 
different character, no trace is left of its original com- 
position. 

Several of the transition states of serpentine have 
received specific names. 



(e) FoBELLENSTEiN (Germ.) or Trout-stone, at Neurode, in Sileda. 
A compact labradorite mass, speckled with spots of serpentine, 
which are frequently of angular form, and which Von Rath 
believes to have formerly been crystals of labradorite now 
converted into serpentine. 

(/) Renslaemte is the name given by Emmons, in his American 
Geology, 1855, to a serpentine-like rock, somewhat more crys- 
talline than ordinary serpentine. Its colour ranges from greyish 
white to green or black. Specific gravity, 2'87 ; composition, 
59*2 silica, 32*9 magnesia, 3'4 protoxide of iron, 1 lime, and 
only 2*8 water. 



(ff) Schiller Rock. 

ScHiLLERPELS. (Germ.) 
BAsnTE. (Fr.) 



The name given to a compound of 
schillerspar and serpentine, wnich goes 
over into ordinary serpentine. It oc- 
curs at the Baste in the Hartz Mountains. It has a serpentine 
matrix enclosing crystals of schillerspar of considerable size. 
It also contains labradorite, augite, mica, chlorite, and pyrites. 
Cocchi proposes that serpentine rocks should be designated 
according to the particular rocks from which they sprang ; e.g. 
diallage-serpentine, diorite-serpentine, granite-serpentine, &c. 
This may be very advisable where it is possible. 



Serpentine for the most part is jointed into irregular, 
massive, or gnarled masses. Exceptionally it is of co- 
lumnar structure, but not unfrequently it shows a kind 
of stratification or tabular jointing. This latter may 
have been occasioned by actual stratification, since ser- 
pentine may well have arisen from stratified rocks. It is 
most frequently found in irregular and subordinate beds 
between strata of crystalline schist, but it also occurs in 
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uncrystalline rocks both in the massive form and in veins. 
The surface of the little round-topped hills which it often 
forms usually shows a very scanty vegetation. 

In some places, as already said, its transmutation from 
other rocks is very evident, as, for instance, from gabbro 
at Siebenlehn, near Freiberg ; from dykes of granite tra- 
versing serpentine rocks near Bohrigen and Waldheim 
in Saxony, where the main serpentine rock itself is not 
improbably a transmuted granulite ; from chlorite-schist 
at Zell, in the Fichtelgebirge, where the change does not 
appear to be yet complete ; and from gneiss (probably), 
or an eklogite rock in the gneiss, at Zoblitz, in the Erz- 
gebirge. The processes and causes of the metamorphosis 
of serpentine are doubtless very different to those of the 
crystalline schists. When serpentine occurs in strata of 
crystalline schist, it is usually of later origin than those, 
and its conversion may have been occasioned by the con- 
tinued infiltration of water, holding magnesia in solution, 
during long periods of time. We are therefore unable to 
class this rock with the crystalline schists any more than 
we can with the igneous or sedimentary rocks. Ac- 
cording to Jukes, many serpentines are metamorphosed 
magnesian limestone. In the Engadine, a serpentine rock 
has been lately found to contain a considerable proportion 
of phosphate, so that it is proposed to use it as manure. 

Serpentine has been recently discovered by Sir Wil- 
liam Logan in the Laurentian limestones of Canada, 
replacing the remains of the foraminiferal organism, 
Eozoon Canadense. 

References, 
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Haugktm, Philofl. Mag. 1855, vol. x. p. 253. 
Wehsky, Krystallstructur des Serpentina, Zeitschr. d. d. geol. 
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GARNET GROUP. 



The one property which these rocks possess in com- 
mon is, that they all contain garnet as an essential, some- 
times a predominant, constituent. The minerals with 
which the garnet is combined are various, such as am- 
phibole, pyroxene, felspar, mica, dichroite, &c. Gramet 
rocks frequently occur in subordinate masses, often of 
irregular shape and doubtful origin, in strata of crystal- 
line schists, or in granitic rocks. We include in this 
group the following rocks : — Eklogite, Disthene rock, 
Eulisite, Garnet rock, Kinzigite, and Dichroite rock. 

45. EKLOGITE, OMPHACITE ROCK, SMA- 
RAGDITE ROCK, DISTHENE ROCK. 

EBxoeiT, Omphacitpels, Smaragditpels, Disthenfels. 

(Germ,) 
EcLOGiTE, Omphazite, Jffaih/. (Fr.) 

A compound of green smaragdite and red garnet. The 
smaragdite forms a finely crystallised matrix ^ usualhj 
somewhat slaty or fibrous^ in which tlie crystals of 
garnet are porphyritically enclosed. 

This rock, to which Haiiy gave the name of eklogite, is 
usually very firm and coherent, diflScult to break with 
the hammer. Its fresh fracture presents a peculiarly 
beautiful appearance, from the red garnets sparkling in a 
light-green matrix. Its accessory ingredients cause it to 
vary somewhat in different localities. The beautiful 
eklogites of the district of Miinchberg, in the Fichtel- 
gebirge, sometimes contain mica ; more rarely they con- 
tain zoisite or some other variety of epidote, quartz, 
pyrites, and magnetic iron-ore. In the eklogite of the 
Sau-Alp mountain in Styria, zoisite and actinolite are 
almost its predominant constituents, and it contains in 
addition to the crystals of garnet some quartz, corinthine, 
and disthene. On the island of Syra, the conunon eklo- 
gite is found in layers or strata, alternating with a rock 
consisting of a compound of disthene-gamet and mica of 
a silvery white colour : this latter rock has been termed 
by Virlet disthene rock ; we might, however, with equal 
propriety, call it a variety of eklogite. A rock occurring 
at Haslau, near Eger, which has been sometimes caUed 
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ekloglte, consists principally or in great part of idocrase 
(so-called Egeran). 

Eklogite most frequently occurs irregularly imbedded 
in strata of crystalline schist, as, for instance, at Miinch- 
berg, in the gneiss district of that locality. The direction 
of its slaty texture there is in conformity with that of the 
prevailing foliation of the schist, and we may therefore 
doubt whether it should be regarded as a contempora- 
neous formation with the gneiss, or as having forced its 
way into the latter at a subsequent period. Owing to its 
greater power of resistance to the decomposing influences 
of the atmosphere, this rock usually forms prominent 
knolls or rocks. 

VirU, in the Bullet, de la Soc. g^ol. 1833, vol iii. p. 201. 

46. EULISITE. 

EuLisiT. {Germ.) 
EULISITB. (Fr.) 

A compound composed of protoxide of irouy resembling 

olivine y green pyroxene^ and brownish-red garnet 
This name was given by A. Erdmann to a rock which 
forms a bed of great thickness in the gneiss at Tunaberg, 
in Sweden. 

Erdmanrij Forsok till en geogn. mineral Beskrifing ofver 
Tunabergs Socken, 1849, p. 11. 

47. GARNET ROCK. 

Gbanatfels. (Germ.) 
Gr6i^atite, Cordier, (JFr.) 

A crystalline granular compound of garnet and horn'- 
blende^ usually with some magnetic iron-ore. 

Sometimes the brown or yellowish garnet (aplome) 
predominates, so that the mass almost entirely consists of 
a granular aggregate of that mineral ; sometimes, again, 
the rock contains many other minerals besides the horn- 
blende and magnetic iron. 

This rock only occurs in subordinate matter ; e. g. in 
the mica-schist on the Teufelsstein and Klobenstein, near 
Schwarzenberg, in Saxony, where it forms small pro- 
jecting rocks. 

Cetta, Erlauter. z. geogn. Karte von Sachsen; No. 2, p. 225 -, 
v. L. u. Br. Jahrb. 1844, p. 413. 



3-20 MISCELLANEOUS DIVISIOX. 

48. KINZIGITE. 

KiNZiGiT. (Germ.) 
KiNZIGITB. (Fr,) 

A crystalline compound of black mica^ garnet^ oligoclase^ 
sometimes passing over into the compact state. 

This is a rock which was discovered at Wittichen, at 
the Kinzig in the Black Forest It was formerly con- 
sidered to be a garnet rock and so designated, but H. 
Fischer pointed out its individual properties, and gave it 
a separate name. He afterwards found the same rock at 
Gademheim and Auerbach, in the Odenwald, and certain 
rocks occurring at Bodenmais in Bavaria and at Cabo de 
Gata in Spain are considered by him to be closely allied 
to it. 

In some of the above-named rocks, cordierite, fibro- 
lite, and mikrocline occur, the last as a substitute for 
oligoclase. 

Fischer, in v. L. u. Br. Jahrbuch, 1860, p. 796 ; and 1861, 
p. 641. 

49, DICHROITE ROCK. 

DiCHKOiTFELS. {Germ,) 
An irregular compound of felspar^ dichroite, garnet, 
and mica {the latter in small quantity) ; Jirm^ dark- 
coloured. 

This rock is allied to dichroite-gneiss. It is found (e.g.) 
forming a dyke in the granite of the Erlbachgrund, near 
Kriebstein, in Saxony. 

Naummm, Erlauter. d. geogn. Karte v. Sachsen, No. 2, p. 13. 

GKEISEN AND SCHORL GROUP. 

The rocks of this little group are distinguished by their 
consisting principally of quartz, frequently impregnated 
with fine particles of tin-ore, or else associated with beds 
or veins containing tin-ore. In addition to the quartz, 
there occur in these rocks white mica, chlorite, or schorl 
as essential ingredients, and wolfram, specular iron, and 
topaz as accessories. 

The following are the rocks included in this group : — 

. 1. Greisen, a compound of quartz and mica. **" 
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2. Zwitter rock, consisting of quartz, chlorite, specular 
iron- and tin-ore. 

3. Schorl rock, a compound of quartz and schorl. 

4. Topaz rock, a breccian variety of schorl rock, with 
topaz. 

50. GEEISEN. 

Greisen. (Germ.) 
Htalomictb, Brongniart, (JFr,) 

A crystalline granular compound of quartz and mica. 

This, therefore, is granite without felspar, or we may 
say it is the substance of mica-schist, without its foliated 
texture and conformation. It is of somewhat rare occur- 
rence. It actually passes into granite ; that is to say, 
some felspar, or at least kaolin, occasionally enters into 
its composition. But no transitions into mica-schist are 
known ; in other words, it shows no disposition to a fissile 
texture ; it is always distinctly granular (coarse or fine- 
grained). 

The mica of greisen is chiefly lithia-mica. Some tin- 
ore likewise occurs as an accessory ingredient, and the 
rock is frequently penetrated witii or associated with 
veins of tin-ore, as at Zinnwald, in the Erzgebirge, where 
this rock occurs very characteristically. Less character- 
istically it also occurs near Ober-Pobel, to the west of 
Altenberg. 

Greisen is of massive structure, without a trace of 
stratification. Its constant association with beds atid veins 
of tin-ore, in the granite districts of Schlaggenwald, Corn- 
wall, &c., and its resemblance to the zwitter, lead us to 
the conclusion that special circumstances have led to its 
formation from granite by decomposition of its felspar, 
although in the coarse varieties it is diflScult to conceive 
how and by what substance the felspar has been replaced. 
In this view we might regard greisen but as a variety of 
granite. We have separately classed it and the other 
tin-bearing rocks in a distinct group, because they pro- 
bably all owe their peculiar properties to special and 
analogous causes, although these have not yet been satis- 
factorily ascertained. 
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51. ZWITTER ROCK. 

ZwiTTERGESTKrar, Stockwerksporphtr. {Germ,) 
A dark-grey aggregate, rich in quartz, texture fine- 
grained to compact ;. its other ingredients are not to 
be distinguished hy the naked eye. 

By help of the lens, we may recognise in the fine- 
grained mass of this rock subordinate quantities of chlo- 
rite, tin-ore, arsenical pyrites, and also some micaceous 
iron combined with the quartz, To these the dark colour 
of the rock is probably owing. 

The tin-ore in Altenberg (the only locality where 
the rock is known to occur characteristically) is called 
zwitter, and the rock therefore was called Zwitter rock 
by the miners there. The unsuitable name of Stock- 
werksporphyr is another miners' term, given under the 
erroneous belief that greisen belonged to the porphyries, 
although it has no trace of porphyritic texture. 

The celebrated ^pinge' of Altenberg is a large crater- 
like hollow, formed by the falling in of extensive mining 
works in this rock, which is worked for its tin-ore. At 
the margin of this pinge may be observed the gradual 
transition from fine-grained granite into zwitter rock. The 
granite is first found to be penetrated by numerous and 
very irregular cracks or fissures filled with quartz, and on 
each side of the quartz there is usually a dark stripe of 
from one quarter to one inch thick and upwards. These 
stripes, on closer investigation, are found to be zwitter 
rock, containing no felspar, although they merge gra- 
dually into the surrounding granite, which is of the com- 
mon kind. The stripes are evidently the result of influences 
proceeding from the fissures, and towards the principal 
mine they become broader and broader, so that very little 
unconverted granite is left between the numerous clefts. At 
length the last remnant of the granite disappears, the whole 
mass having been converted into zwitter rock, in which, 
however, the quartz veins still remain distinctly perceptible. 
It would appear that the transmutation must have been 
caused by some solution or vapour impregnated with tin 
penetrating the granite through its many fissures. 

Dr. Rube has carefully analysed several specimens of 
the unchanged granite, of the dark stripes near the quartz, 
and of the entirely converted. zwitter rock. From these 
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inalyses it has appeared that the composition of the dark 
stripes and of the genuine zwitter rock were identical. 
They each contain 3 p. c. siKca and 2 p. c. potash less 
than the granite. On the other hand, they contain 
4 p. c. protoxide of iron, 2 p. c. alumina, 0*6 oxide of tin, 
and 0*5 — 1 '0 lime more than the granite. It follows, there- 
fore, that in addition to the ingredients which we have 
above mentioned as being recognisable in the zwitter rock 
it must also contain a silicate of alumina. The pene- 
trating solution appears to have decomposed the felspar 
and mica, and in their stead to have formed micaceous 
iron-ore, chlorite, tin-ore, a silicate of alumina, and also to 
have left a deposit of lime. The potash must have been 
carried away in solution ; the silica was probably concen- 
trated, at least in part, in the cleft of the rock, forming 
the veins of quartz which we now see. 

CoUay in Berg- u. Huttenm. Zeitung, 1860, No. 1, and 1862, 
p. 74. 

52. SCHORLACEOUS SCHIST and SCHORL 

ROCK. 

ScHOBLSCHTEFEE und ScHORLFELS. {Germ.) 
Hyalotourmalithe, BavbrSe. (Fr.) 

A crystalline compound of schorl and quartz^ foliated 
or granular to compact. 

The schistose varieties are most prevalent, and we have 
therefore placed them foremost ; the compact varieties are 
rare, and in the absence of transition states they are dif- 
ficult of recognition. As accessory ingredients, this rock 
contains mica, chlorite, felspar, tin-ore, arsenical pyrites, 
and exceptionally, in some places, topaz. These schorl 
rocks are (like griesen) almost always accompanied by or 
associated with beds containing tin-ore. The proportion 
of silica which they contain is very unequal, and depends 
on the prevalence of their quartz. 

Varieties in Texture. 

(a) ScHORLACEOUS ScHiST. Its somewhat indistinct foliated texture 
is owing to the parallel disposition or distribution of the acicular 
particles of schorl. The quartz sometimes forms itself into 
contorted layers quite independent of the schistose texture. 
This rock occurs (e.g.) in subordinate beds, alternating with 
mica-schist at Eibenstock, in Saxony, where it is traversed by 
veins of tin-ore. 

T 2 
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(6) Gkanulab Schorl Rock. This is either a tolerably uniform 
compound (fine or coarse-grained^ of schorl and quartz ; or it 
consists principally of quartz, with small separate columnar 
particles of schorl, which are frequently hroken. 

(c) Compact Schorl Rock. A blackisn-ffrey mass, in which the in- 

gredients are too intimately blended to be distinguished, as, for 
instance, in the tin mining district of Cornwall. 

Varieties in Composition, 

(d) Topaz Rock. ) Hitherto only known at the Schneck- 

TopASFELs, Werner. (Germ.) -enstein, in the Voifftland, where it 
{Fr.) / forms a dyke of considerable thick- 

ness in the mica-schist. The composition of the rock is sin- 
gular ; large fragments of schorl-schist (containing topaz), with 
quartz, lithomarge, and geodes of topaz, are cemented together 
to a kind of geodic breccia. The rock likewise contains tin- 
ore, apatite, malachite, and azurite as accessories. 

Von Eschwege has given the name of Carvoeira to a quartz 
rock containing schorl, found in the Brazils. 

Iteferences, 

FreiesTebm, Geogn. Arbeiten, toI. iv. p. 1. 

Breithmmt, Paragenesis, in v. Leonhard's Jahrb. 1864, p. 787. 

Boose, Transact, of the GeoL Soc. of Cornwall, 1832, vol. iv. 

pp. 240 and 373. 
Naumanfij Erlauter. d. ffeogn. Earte v. Sachsen, No. 2, p. 201. 
Daubree (Hyalotourmafite), Ann. des Mines, 1841, 3* s^r. 

vol. XX. p. 84. 

CARBONACEOUS GROUP. 

In these rocks carbon is the principal ingredient. They 
are always of dark colour, varying between brown and 
black. They are usually, but not always, combustible. 
They are all of organic origin, and for the most part pro- 
ducts of vegetable accumulation; some (exceptionally) 
perhaps are the result of the accumulation of animal 
matter. The differences now exhibited are doubtless chiefly 
owing to the degree of metamorphosis of the original 
organic substance. If we start with this assumption, we 
may class these rocks as follows, beginning with those 
whose state is the least changed, and proceeding up to 
those which are most completely metamorphosed : — 

1. Peat—TiiQ vegetable substance has undergone little 
change. We are not authorised to conclude that all coal 
has been formed from peat-mosses. On the contrary, we 
know of much coal which is the undoubted product of 
trunks and leaves of trees, and various other vegetable 
substances. 
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2. Browncoal or Lignite, containing much bitumen. 

3. Common coal (German, Schwarzkohle), containing 
much less bitumen. 

4. Anthracite^ containing very little bitumen. 

5. Graphite, without any bitumen, and not combustible. 
Some other diflferences result from foreign admixtures. 
We observe from the above series that the first process 

of change (from the peat to the browncoal) was accom- 
panied by a development of bitumen, which in the subse- 
quent stages of metamorphosis has again gradually disap- 
peared, and become lost in all probability by evaporation. 
The relative geological ages of the different coals in 
general correspond with and confirm this view ; and the 
only exceptions of which we are aware are capable of 
explanation from special local causes. We may therefore 
say that the varying proportion of bitumen contained in 
the carbonaceous rocks furnishes us with a series which 
at the same time is expressive of their geological age. 

In addition to the above, and in some measure the com- 
plement of the series, we have — 

6. Mineral pitch (including asphalte, elastic bitumen, 
and mineral oil) consisting of the bitumen which has been 
volatilised or distilled from bituminous coal. It is some- 
times found separately bedded as a distinct rock, some- 
times as an impregnation of other rocks, such as lime- 
stone, shale, &c. 

The following rocks we add by way of appendix to the 
coal group, as bearing an affinity with it in respect of 
their origin, or otherwise. 

7. Bituminous shale (Brandschiefer), an argillaceous 
shale containing very much bitumen, and frequently car- 
bon. Also, 

8. Kohlenbrandgesteine (burnt clay rocks), which are 
not carbonaceous, but are the result of burning coal upon 
clay rocks. 

9. Guano and coprolite beds. The product of local 
accumulations of animal excrement. 

We have already stated that the usual and normal bed- 
ding of the different kinds of coal entirely corresponds 
-with the theory of their origin and of the causes of their 
different composition and structure. The individual ex- 
ceptions only serve to prove the rule ; they may all be 



MISCELLANEOUS DIVISION. 



explained by special circumstances, and when so explained 
are in fact necessary consequences of our assumed theory. 
The following review of the most important coal forma- 
tions will best explain our meaning : — 

Age, Usual Coal-beds, Exceptional Coal-beds. 

PostTerti- Peat-mosses and beds of 
ary. turf in many places. 



Tertiary. Browncoal in North Ger- 
many^ Bohemia, Hessen, 
&c. 
Browncoal containing little 
bitumen near Hanng', in 
Tyrol (Eocene). 

Chalk pe- Browncoalpoor in bitumen 
riod. of the (Josau formation 

in the Alps. 

Oolite or Bituminous shale and coal 
Jura pe- of the Jura and Lias for- 
riod. mations in Germany and 

England. 

Trias pe- Lettenkohle, an impure 

riod. browncoal, containing 

little bitumen, belonging 

to the Keuper formation 

in Germany. 

Coal pe- Common black coal of the 
riod. Coal and Culm forma- 

tions in England, Ger- 
many, and France. 



Ti'ansition Anthracite in Scotland and 
or Grey- in Lreland. 
wack 6 
period. 

Still older. Graphite in the crystalline 
scnists at Passau in Ba- 
varia, &c. 



Anthracite (with basalt) at 
the Meissner, in Hessen. 

Ordinary pit-cosd or ' black 
coal ' at Silthal, in Tran- 
sylvania. 

Ordinary black coal at 
KuszKberg, in the Banat. 



Ordinary black coal at 
Fiinfkirchen in Hub- 
gary, and at Steierdoif 
m the Banat. 



Anthracite at Schonfeld, 
Zaunhaus and Brandau, 
in the Erzgebirge, in the 
State of Ohio, adjoining 
the poi-phyry at W alden- 
berg, &c. 



We see from the foregoing that in every geological 
period in which any sedimentary deposits have taken 
place, there have been accumulations of vegetable matter, 
and that these have (occasionally at least) formed beds, 
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and have afterwards become coal. But it is very remark- 
able that as far as those countries which have hitherto 
been geologically explored extend, the principal coal 
formations are confined to two of the great geological 
periods, viz., the Tertiary, to which the browncoals be- 
long, and the Carboniferous. This would be a fact very 
diflScult to explain, if it were proved to be true for the 
whole globe ; but as only about one-twelfth part of the 
surface of the earth has been hitherto explored, we may 
be permitted to doubt whether coal may not yet be found 
in large quantity in other formations than those at present 
known. In the interior of Africa, Asia, and Australia, 
and South America, as well as under the ocean, very 
extensive beds of coal may exist, which, together with 
those we already know of the Chalk, Oolite, Trias, and 
transition periods, would fill up all the apparent gaps, and 
furnish as uniform a result with reference to the deposit 
in all ages of material for coal-beds, as of that for any 
other rock. 

According to our present experience, we are authorised 
to believe that the deposit of material for coal formation 
has taken place in a similar manner and under like con- 
ditions in every period. We accordingly find a certain 
petrographic uniformity or mutual relationship in the coals 
of all ages. The coal-beds are almost universally found 
interstratified and alternating with beds of argillaceous 
rocks and sandstones, usually of grey colour (never red), 
frequently with spherosiderite, or so-called clay-iron- 
stone (Blackband) very seldom with limestone. The state 
of these argillaceous and arenaceous rocks has undergone 
a change corresponding to that of the coal. Their greater 
compactness, solidity, and their laminated texture, almost 
always correspond with the degree in which the bitmnen 
has been expelled from the coal, or, in other words, with 
the geological age of the latter. 

53. PEAT, TURF, BOG. 

ToRF, Darg. {Germ,) 
TOTJRBE. {Fr.) 

An aggregate of vegetable growth, interwoven and more 
or less compressed and decomposed, of yellow, brown, 
or black colour. 
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The plants whose remains are usually found in peat 
are of marshy origin, and in Germany usually spring 
from Sphagnum. The moss is more or less compacted, 
felt-like, or almost compact. Sometimes there are found 
imbedded in it trunks of trees, or their branches, roots, 
leaves, hard fruits, and the like ; some of which have 
undergone little or no change. Besides these vegetable 
ingredients, peat frequently contains earthy admixtures, 
also red ochre, nodules of * kieselguhr ' (an aggregate of 
fossil infusoria), crystallised gypsum and pyrites, or 
earthy particles of vivianite. 

The following varieties are sometimes distinguished, 
though they cannot be definitely characterised and sepa- 
rated: — 

(a) Peat-moss. \ ,«,,., 

FiLz- Oder moootorp. {Germ.) \ Loose and felt-like. 

TOURBE FIBREUSE. {Fr.) J 

(6) Heath-tukf. 

Haidftorp. {Germ.) 

(c) Grass-turf. 

Rahentorp. {Germ.) 

(d) Leaf-turf. 

Papiertorp Oder Blattertorp. {Germ.) 

(e) MuD-TURF. ) Very wet, and thereby mud-like. 

Baggertorp. {Germ.) i •' ' •^ 

(/) PiTCH-TURF. ] Very compact and solid, the vege- 

'^ table matter having been much com- 

pressed and transfonned. 

Beds of peat and turf are formed or grow before our 
eyes at the present day ; in /narshy places we may ob- 
serve the mosses springing and growing out of the graves 
of their predecessors. The beds of moss are found of 
great depth as well as extent ; but they are only known 
on the surface of the earth, and as belonging to the most 
recent geological period. The older beds have been con- 
verted into coal more or less bituminous, only very ex- 
ceptionally, as, for instance, at Miihlhausen, in Thuringia, 
do we find peat of an older date, covered there by diluvial 
loam, not having lost its original character. 

jReferences. 

Wigmanriy iiber Entstehung, Bildung, and Wesen des Torfes, 

1837. 
Winkler^ iiber Zusammensetzung der Torfeorten des Erzge- 

bii'ges, 1840. • 



Pechtorp. {Germ.) 
Tourbe compacte (limo- 
NEUSB). {Fr.) 
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Papius^ die Lehre vom Torf, 1846. 

Kast, die Entstehung, Gewinnung u. Nutzung des Torfes, 1847. 
Grieshachj Bildung des Torfes in den Emsmoosen, 1846. 
Lutteroth, Um^egend von Miihlhausen, 1848, p. 25. 
Gaudin, Diluvialtorf bei Biarritz, in v. Leonhard's Jahrb. 1857, 
p. 84. 

54. BROWNCOAL or LIGNITE. 

Bratjnkohle und Lignit. {Germ.) 
Lignite. {Ft,) 

A compact or earthy masSy very inflammable ^ brown or 
black ; streak invariably brown. 

Spec, gray 1*2 — 1'6. 

Browncoal essentially differs from ordinary black coal 
in containing a much greater proportion of bitumen, 
or the elements which with carbon form bitumen. Hence 
its brown colour and streak, its greater inflammability 
than ordinary coal, and likewise its burning with more 
smoke and smell. Even when very dark-coloured, its 
difference from the ordinary coal may be made to appear 
by boiling its powder with potash-ley, which it will colour 
brown. 

Browncoal contains 65 to 75 p. c. of carbon, with hy- 
drogen, oxygen, and nitrogen, and earthy admixtures in 
very various proportions. Some varieties contain pro- 
portionally little bitumen, and so form transition states 
between brown and black coal. 

The following minerals sometimes occur as accessories : 
— amber, mellite, asphalte, gypsum, calcspar, pyrites, and 
lenticular particles of clay-ironstone. 

Varieties in Texture. 



(d) Common Browncoal. 

Oemeine dichtb Braunkohlb, 

STtJcKKOHLB. {Germ.) 
LiONTTB COMPACTB, Fayet. {Fr.) 



Compact with dull fracture and 
brown colour. 



(li) Earthy Browncoal. ) -n -i i • j x u 

^ erdiqe braunkohle, stretch- I Easily pulverised to a brown 



KOHLB. {Qerm.) ( powder. 

Lignite terreux. {Fr.) ' 



(c) Resinous Browncoal. 

Pechbraunkohle. (^Germ.) 
Lignite RfisiNEUX. {Fr.) 

(d) Lignite, Bituminous Wood. 

LiGNiT, BrruMiNosEs HoLz. {Germ,) 
Lignite, bitumineux. {Fr,) 



Very compact and dark, almost 
black, and its fracture shining like 
pitch. 

Retaining the texture of the 
■ original wood from which it 

was derived. 
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(e) Leap Coal or Dtbodilb. 

Blatubbkohlb, Papishkohlb, oder 

Btsodil. (Germ.) 
LiaNiTB scmsroltDB, ou Dtbodil. (Ft,) 

causing a similar effect 
(/) Moor Coal. 



Laminated in consequence 
of its origin fcom leaves of 
trees, or of strong pressure 
of its vegetable particles 



LB. I 



MooRKOHLB, strkichkohlb. V Felt-likc aud resembling turf. 

{Oerm.) i ° 

LlOlOTB PICIFORMB. (Fr. 



S?i 



(A;) Alum Earth. 

Alaunbrdb. (Oerm.) 

TBBRB ALXTIONBUSB. 

(Fr.) 



Varieties in Composition. 

r) Common Browncoal. 

t) Browncoal with little Bitumek, to which many of the brown- 
coals of the Alps belong ; e.g. the Molasse coal of Miesbach and 
Tolz, and the Eocene coals of Haring in the TyroL Their ap- 
pearance is verv like that of the onSnary black coal, even the 
powder of their streak is very dark, and they only impart a 
weak colour to caustic ley. 
(t) Impure Browncoal combined with much earthy matter, passing 
over into bituminous shale. To this class belongs, for instaace, 
the so-called Lettenkohle in the lowest division of the Keuper 
formation. 

An earthy impure browncoal which con- 
tains pyrites; and has a tendency to 
decompose into alum and vitriol. 

Browncoal is frequently found in Tertiary deposits, 
exceptionally, however, in older ones ; even in the Ter- 
tiary strata it is sometimes found to have been transmuted 
into anthracite by the influence of heat from adjoining and 
more recent igneous rocks ; as, for instance, at the Meissner, 
in Hessen, where it is found in contact with basalt, or it 
assumes a character very similar to the ordinary black 
cOal, as in many Tertiary browncoal beds of the Alps. 

Brovmcoal may be clearly proved to have had its ori- 
gin in accumulated remains of plants. Some browncoal 
is the product of the conversion of beds of peat and turf, 
some of more distinctly separate plants and parts of plants 
washed together by floods. Subjected to pressure, a slow 
chemical change took place in the mass (the formation of 
bitumen). In some places, under special circumstances, 
this change has proceeded more rapidly than ordinary, and 
thus even in Tertiary strata we find it assuming a cha- 
racter approaching to the state of the ordinary black coal. 

It is hardly necessary to instance localities from 
amongst the very many where browncoal is found in 
Germany and elsewhere. 
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References, 
Zincken, Die Braunkohle und ihre Verwerthimg. Hanover, 

1865. 
GilmheL Analysen von Alpenkohlen, y. Leonh. Jahrb. f. Min. 

1864, p. 52. 

55. COMMON COAL, BLACK COAL, or PIT- 

COAL. 

ScHWAEZKOHLB odcr Stbinkohlb. {Germ?) 
HoxrrLLB. (Jr.) 

A compact black mass, in fresh fracture usually of resinous 
lustre; streak blacky usually friable \ not so inflam-- 
mable as browncoaly but, like it, burns with flame, 
smoke, and smell. 
Spec. grav. 1*3 — 1'6. 

The substance of coal is principally carbon. It has less 
of the elements of bitumen (oxygen, hydrogen, and ni- 
trogen) than browncoal, but more than anthracite. It 
forms a transition state between browncoal and anthracite, 
and occasionally goes over into each. Like browncoal 
and peat, it contains more or less earthy matter, by 
which its value is depreciated. The following minerals 
occur as accessories in coal : — Pyrites, clay-ironstone (in 
nodules or septaria), gypsum and calcspar; frequently 
also climips of fibrous anthracite, stone-coal (Werner's 
* mineral charcoal ' ). 

Jukes observes : * In many ordinary coals little flakes 
of mineral charcoal occur, retaining that part of the vege- 
table structure called the vascular tissue. They are 
called "mother of coal" by the colliers, in some places. 
It is frequently seen in the form of a thin silky coating, 
covering some of the surfaces of the coal. Its powder is 
black, and if boiled with caustic ley, it scarcely colours 
the latter.' 

In coal districts a very great number of different kinds 
of coal are distinguished according to their special values 
for use — * indeed their varieties are often as numerous as 
the different seams of a coal-field, and even the different 
beds of a compound seam are readily distinguished from 
each other by the colliers, who give particular names to 
them ; and even small blocks of these varieties can be 
recognised by them and identified with the seam or part 
of a seam from which they are derived. Neither are 
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these distinctions, which are only to be perceived after 
long practice, unimportant, since these varieties have dis- 
tinct qualities; some of them being better adapted to 
smelting, and said to be " good furnace-coal ; " some of 
them to blacksmith's work, or " good shop-coal ; " others 
to various uses ; while only a few comparatively are best 
fitted for domestic purposes, and are brought to market 
by the coal-merchant.' — Jukes. 

* Some idea of the immense varieties of coal may be 
gained from an inspection of the Admiralty Coal Investi- 
gation (Mem. Geol. Survey, vol. i.), as well as from the 
varying qualities of those we are in the habit of using 

• daily in our houses. As many as seventy denominations 
of coal are said to be imported into London alone. 

* All these minute varieties are commonly included 
under four principal heads: — 1, Caking Coal; 2. Splint 
or Hard Coal ; 3. Cherry or Soft Coal ; and 4. Cannel 
or Parrot Coal. 

* Caking Coal is so named from its fusing or running 
together on the fire so as to form clinkers, requiring fre- 
quent stirring to prevent the whole mass being welded 
together. It breaks commonly into small fragments, with 
a short uneven fracture. The Newcastle coal, and many 
others from different localities, are caking coals. They 
leave many cinders, and a dark dirty ash. 

* Splint or Hard Coal is well known in the Glasgow 
coal-field. It is not easily broken, nor is it easily kindled, 
though when lighted it affords a clear, lasting fire. It 
can be got in much larger blocks than the caking coals. 

* Cherry or Soft Coal is an abundant and beautiful 
variety, velvet black in colour, with a slight admixture of 
grey. It has a splendid or shining resinous lustre, does 
not cake when heated, has a clear shaly fracture, is easily 
frangible, and readily catches fire. It leaves compara- 
tively few cinders, and its ash is white and light. It 
requires little stirring, and gives out a cheerful flame and 
heat. The Staffordshire coals principally belong to this 
variety. 

^ Cannel or Parrot Coal is called cannel, from its burn- 
ing with a clear flame like a candle ; and parrot, in Scot- 
land, from its crackling or chattering when burnt. Can- 
nel coal varies much in appearance from a dull earthy to 
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a brilUant, shining, and waxy lustre. It is always com- 
pact, and does not soil the fingers. Its fracture is some- 
times shaly, sometimes compact. The bright shining 
varieties often bum away like wood, leaving scarcely any 
cinders and only a little white ash. The duller and more 
earthy kinds leave a white ash, retaining nearly the same 
size and shape as the original lumps of coal. Cannel coal 
often takes a good polish, and can be worked into boxes 
and other articles. Jet is an extreme variety of cannel 
coal in one direction, as batt or carbonaceous shale is in 
another. ' — Jukes. 

In Germany the varieties have been thus classed : — 

(a) Gembine Steinxohle, or common Black Coal, compact with 

resinous lustre. 
(l)\ Pechkohle (or Pitch-cod^, compact with resinous lustre. 
Ip) KJiNNBLKOHLE (Gagat), Canuel coal. 
\d) ScHTEEERXOHXE, a bitiuninous shale, sometimes composed of 

alternate layers of common coal and anthracite. 
(e) RirssxoHLE (Sooty Coal), an earthy variety, dirty to the touch, 

apparently consisting of a compound of common coal and 

anthracite. 

The origin of coal as a product of vegetable substances 
is well established. The texture of the original plants 
may sometimes be discovered under the microscope. Beds 
of turf or parts of plants accumulated by flood-water have 
furnished the material. Geinitz has even endeavoured to 
explain the different structure of many coal-beds by the 
differences of their original vegetable substance. At 
Zwickau, in Saxony, and a few other places, he has dis- 
tinguished the following varieties : — 

(a) Faknbnxohle (Fem-coal), formed nrincipally of ferns. To this 
class belong the four uppermost flotz of resinous coal (Pech- 
kohle^, at Oberhohndori, many coals of Wettin, Lobejiin 
and Ilmenau in Germany. 

(/3) Calamitenkohle (Calamitan Coal). To this the Kusskohle 
of Zwickau belongs, also the so-called mineral charcoal. It 
is always very anthracitic and siliceous. 

(y) SiGiLLARiENKpHLE (Sigillariau Coal). To this belong the 
Planitzflotz, and the deep * Pechkohle' near Zwickau. 

(tJ) Sagennabienkohle (Sagennarian Coal). To this belong, e.g., 
the older coals of Hainichen and Ebersdorf, in Saxony. 

The following are the principal typical varieties in 
France, according to Leplay : — 
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-^A) HOTTILLE sfeCHE. 
fB^ HOVILLE KARiCHALE. 
(G) IIOTJILLE GRASSB. (Caldiig coaL) 
(D) HOUILLE ICAIGRE. 

Coal chiefly occurs in separate beds or subordinate 
strata in the sandstone and argillaceous shale of the Coal 
formation. It occurs, however, with very similar rocks 
in somewhat older and in much younger formations. 
Thus, for instance, at Hainichen in the Kulm formation, 
near Fiinfkirchen, in Hungary, and Steindorf, in the 
Banat, in the Lias formation ; at Ruszkberg, in the Banat, 
between strata of the Chalk formation ; and in Silthal, in 
the southern boundary of Transylvania, even in Tertiary 
strata. The existence of black coal in these more recent 
formations is to be accounted for by exceptional geological 
circumstances, which have accelerated the process of 
transmutation. The character of the plants themselves 
may also have contributed to this result. We find that 
the remains of Calamites have usually been converted into 
siliceous anthracite ; and it is very possible that the parti- 
cular nature of the original plant-substance may have 
affected the character of the coal in many other respects. 
In certain localities again, the eruption of recent igneous 
rocks have occasioned special phenomena of transmuta- 
tion ; as, for instance, at Waldenburg, in Silesia, where 
the porphyries have locally converted ordinary black coal 
into native coke or anthracite. 

Jukes observes : ^ Microscopical examination exhibits 
not only the vascular, but the cellular tissue of plants in 
the substance of many coals, as was shown by Mr. 
Witham in his work on the structure of fossil plants, and 
by many observers since. All coals have a peculiar 
structure, which bears a slight analogy to crystallisation. 
They break or split, not only along the bedding, but 
across it, along two sets of planes at right angles to the 
bedding and to each other. The smooth clean faces pro- 
duced by one of those cleavage planes are more marked 
and regular than that produced by the other, as may be 
seen by examining any lump of coal. The principal of 
these division planes are called by the colliers the face 
of the coal, the other being called the back^ or end, of the 
coal. They preserve their parallelism sometimes over 
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very wide areas ; and the mode of working or getting the 
coal, and the direction of the galleries, is governed hj the 
direction of the face. 

* It is a structure which is probably the result of the 
mineralising process undergone in passing from an or- 
ganic to an inorganic state, and may be likened perhaps 
to the *' cleavage" of a mineral rather than to eiflier the 
true " slaty cleavage" of rocks, or to their *^ foliation" or 
** jointing." ' — Jukes^-p. 134. 
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Newberry f Entstehung der Cannelkohle, in v. L. u. Br. Jahrb. 

1868, p. 852. 
Gemitz, Die Versteinerungen der Steinkohlenformation in 

Sachsen, 1855, and Geo^. Darst. der Steinkohlenformation in 

Sachsen, 1856. Geologie der Steinkohlen Europas, Miinchen, 

1865. 
Gom>ert, liber die Bildung der Steinkohle, im 4. Deel xx. 

Tweede Verzammling von naturkundige Verhandlingen 

von de Hollandische Maatschappij d. Wetenschappen te 

Haarlem. 
V. Leonhard in the deuts. Vierteljahresschrift, 1838. . 
Stein, Untersuchung der Steinkohlen Sachsens, 1857. 
JRonaJd and Richardsonj Chemical Technology, vol. i. p. 30, &c. 
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56. ANTHRACITE. 

Antheacit Oder Glanzkohle. (Germ.) 
AlfTHRACITE. (Fr,) 

Slack with vitreous to half-metallic lustre, friable, streak 
black, not easily ignited, and burns almost without 
smoke and smell. 

Spec, grav 1*5 — 1'7. 

Anthracite consists almost entirely of carbon, and con- 
tains very little hydrogen, oxygen, or nitrogen ; that is to 
say, it is almost free from bitumen — a native compact coke. 
It contains earthy admixtures in various quantity, as is 
the case with other coal. It also contains the following 
accessory ingredients : — pyrites, clay-ironstone, gypsum, 
or calcspar in clefts. 

There are scarcely any special varieties of anthracite to 
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describe, unless we consider as such the transition states 
between anthracite and common coal and the compounds 
of the two with each other. 

Extensive beds of anthracite are only met with in the 
formations of the Greywacke (transition) and Carboni- 
ferous periods. Locally, anthracite is sometimes asso- 
ciated with browncoal. As a rule, beds of anthracite are 
never met with in the Coal formation except in localities 
where it appears to have been exposed to special plutonic 
influences, as at Zaunhaus, Schonfeld, and Brandau in the 
Erzgebirge, Sabl4 and Beaulieu in Mame (France), at 
the Stangen Alp in Styria, at Osnabruck, and in the 
Alleghany Mountains. . The normal position of anthracite 
appears to be in the transition formations. 

We are not aware of any treatises or works specially devoted 
to the subject of anthracite. Much, however, respecting it will 
be found in those cited under the head of coal. 

57. GKAPHITE, PLUMBAGO. 

Graphit. (Germ.) 

Graphite. (Ft.) 
A greyish-hlach, aggregate^ consisting of graphite ; texture 
varying from flaky to compact; softy gives a black 
streak {like lead pencil), greasy feel, not inflammable, 
on the contrary capable of resisting flre. 

Spec, grav 1-9— 2*2. 

Graphite or plumbago is carbon in a state nearly pure, 
but differing very widely from that of the diamond. As 
a rock, graphite contains admixtures of silica, clay, oxide 
of iron, or sometimes small crystalline grains of other 
minerals. By these admixtures its properties are, how- 
ever, only slightly altered. 

Graphite is the last member of the series of transmuta- 
tion of the carbonaceous rocks, and is therefore principally 
(and normally) found in subordinate beds in strata of 
crystalline slate-rocks or as a local admixture in the same 
rocks ; — at Passau in Bavaria, in Bohemia, at Borrow- 
dale in England, &c. It occurs exceptionally in granite, 
and is even found to fill fissures in that and other rocks. 

We might theoretically regard the diamond as a still 
more perfect, that is to say more crystalline and purer 
product of transmutation of the carboniferous series. Its 
occurrence is however so rare, and so subordinate, that 
we cannot here notice it further. 
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58. BITUMEN and MINERAL PITCH. 

Bitumen und Erdpech, Asphalt. (Germ,) 
BiTUME, Malthe, Asphalte. (Fr.) 

A pitch-like mass, colour varying from dark-irown to 
blacky softens with heat. 

Spec. grav. bitumen 0*7 — 09 

Mineral pitch I'l — 1*2 

This bituminous mass consists of 80*82 carbon, 9—10 
hydrogen, and 8*9 oxygen and nitrogen. 

Bitumen is very seldom found in mass in the interior 
of the earth, but frequently as an accessory admixture in 
calcareous, marly, or argillaceous rocks. On the surface 
of the earth it occasionally forms small pitch lakes, as at 
the Dead Sea, and in the island of Trinidad. To this 
class belongs the petroleum, or rock-oil, which in North 
America has been recently found streaming in great 
abundance from the earth. 

The origin of bitumen may be, and probably is, two- 
fold. Bitumen or the gaseous elements of bitumen must 
of necessity be disengaged where bituminous coals un- 
dergo transmutation into coals of a less bituminous cha- 
racter, or into anthracite. This bitumen may either 
permeate the neighbouring rocks and make them bitu- 
minous, or it may rise to the surface of the earth and 
become a separate deposit of a fluid or semi-fluid sub- 
stance. Again, bitumen will be formed wherever animal 
remains — gasteropods, flshes, and the like — have been 
enclosed by stratified beds of rock, and have become 
transmuted. And thus some limestones, marls, or clay- 
rocks may have become bituminous (being converted into 
oil-slate, stinkstein, &c.). Or the bitumen contained in 

z 
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such rocks may, under the influence of heat or other 
causes, again escape and become deposited elsewhere. 

The occurrence of bitumen in nature, taken in con- 
nection with the animal and vegetable fossils found in 
coal, completes the evidence in support of the established 
view of the origin of coal, 

Mayer's Asphalt des Val de Travers, 1839, is the only sepa- 
rate treatise on bitumen known to us. On rock-oil springs in 
North America, vide PetermanrCs Mittheilungen, 1861, vol. iv. 
p. 161 J and Kone^s Zeitschrift d. Erdkunde, 1862, voL xiL 
p. 279. 

59. PYROSCHIST(i?i/wO, BITUMINOUS SHALE. 

Brandschiefer. {Germ,) 

ScHiSTE BITUME05T7X, Marnolite, Cotdier, {Ft.) 

Is the name given to very bituminous and thereby dark- 
brown or black-coloured argillaceous shale, which, 
although it burns in fire, yet, owing to its containing 
so much clay, cannot itself be used as fuel. 

These are best classed with the carbonaceous rocks, 
together with which they frequently appear, and for which 
they have sometimes even been mistaken. Their streak 
is of resinous lustre ; they often contain distinct remains of 
plants or fishes ; sometimes bitumen may be extracted 
from them, and they are then sometimes called oil-slate 
{Oelschiefer, Germ.; Schiste oleifere, Fr.). 

Bituminous shales of this class are found in Germany, 
especially in the lower Rothliegende, e.g. at Oschatz, in 
the Lias of Wiirtemburg, and in the chain of the Weser, 
and in the Brown-coal formation at many places. 

Sterry Hunt, Bitumen and Brandschiefer (Pyroschist), Silliman 
and Dana^s American Journal, vol. xxxv. p. 157. 

Appendix. 

We may here add the burnt clays and the beds of 
guano or coprolites. The first because they have ori- 
ginated from the burning of coal-beds, the latter as accu- 
mulations of organic matter. 

60. Burnt Clays. i 



Gebrannte Thone, Kohlenbrandgesteine, Erdschlackek 

und Porzellanjaspis. {Germ.) 
Thermantide, Cordier, {Fr.) 



[ 
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These are local products of transmutation from clay 
rocks produced by burning coal-beds. They are too un- 
like in character to admit of a common definition. We, 
therefore, separately describe a few principal varieties. 

Hard, and resembling 
buck-colour, yellow, 
brown, or even violet ; 
nevertheless, still exhibiting the original laminated texture, 
and impressions of plants of the slate-da^. At Planitz, near 
Zwickau, in the Coal formation, and at Zittau in Saxony^ in 
the Browncoal formation. 
(6) RocKSLAG. ^ By reason of greater heat the lami- 

. nated texture haa been destroyed, 

and a scoriaceous slag-Hke texture 

arisen. Colours similar to the 

burnt argillaceous shale. Found in the same localities. 

(c) Porcelain Jasper, Porcelanitb. ] The clay mass is half vi- 

PoRZKLLANJABPis. (Germ.) . trefied, porcelain-like, of 

Thebmantidb, Cordier. (Fr.) ^^ a ^ 

xms^jB^ixxiu., K.uTuu:r. ^x .j j gTcasj lustre, pcarl-grey, 

bluish-grey, lavender- blue, or brown. The same localities. 

61. Guano and other Coprolite Beds. 

Gtjano und andere Koprolithenlager. (Germ.) 
Guano. (IV.) 

These deposits must also be enumerated amongst rocks. 
In some localities they occupy a considerable place in the 
earth's crust. 



(a) Burnt Argillaceous Shale. 

Oebraitntbr ScraEFERTHON. (Germ.) 
Abgile scmsTEUsE MfiTAMonrraQUE. (Fr.) 



Ebdschlacke, Kohlenbbakd- 

scHLACKB. {Germ.) 
Gt.MSE. (Fr.) 



(a) Guano. 

Guano. (Germ.) 
Guano. (Fr.) 



Forms earthy white, grey, or yellowish- 
brown accumulations of veiy disagreeable 
smell. It is chiefly known as a deposit 
upon certain rocky islands of tropical climates. It consists 
chiefly of the excrement of birds, and contains, according to 
Boussingault, about 50 — 53 organic matter and ammonia-salts, 
19 — 20 phosphate of lime, 3 phosphoric acid, 7 alkali, 1 — 2 silica 
and sand, and 15 — 16 water. These accumulations attain a depth 
of more than 100 feet, and frequently contain many other 
organic remains of recent date. 

Heferences, 

V. Etzelj in Gumprecht*s Zeitschr. f. Erdkunde, vol. v. pp. 326 

and 425, vol. vi. p. 152. 
Behniy in Petermann's Geogn. Mittheilungen, 1859, p. 173. 
BoumngauUy in Compt. rend. 1860, vol. li. p. 844 j v. L. u. Br. 

Jahrb. 1861, p. 206. 
Sandberger, SomoreroPhosphat (Guano), v. Leonh. Jahrb. 1864, 

p. 631. 
Jenisch, Guano verschiedener Lander, v. Leonh. Jahrb. 1864, 

p. 866. 

z 2 
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(b) CoPROLiTB Beds. ") Composed of excrements of fishes, reptiles, 

KopRouTHENLAOER. ^ and mammalia which inhahited cayerns, 
(Germ.) J g^j^g portions entirely petrified, but yet 

containing much phosphoric acid. Found in many sedimentaiy 
strata, also in caverns. 

(c) Black Earth. ] May also be enumerated in this place, 

ScHWARZKRDE, TscHOB- • although thc 6 — 9 pcr cent, of organic 
NosEM. ioerm.) J admixtures contained in this black 
clayey earth do not altogether appear to have been derived from 
excrement. In Southern Kussia this formation covers a great 
extent, and lies on the surface of the earth. It attains a maxi- 
mimi depth of twenty feet. If subjected to the strong pressure of 
overlying strata, it might possibly turn into bituminous shale. 

Iteferences, 

Murchison, Geology of Russia, 1846, p. 547. 
Schmtdy in v. L. u. Br. Jahrb. 1860, p. 360. 
Wangmheim v, Quaienf ibid. 1866, p. 76. 



IRONSTONE GROUP. 

These are rocks principally consisting of minerals rich 
in iron, so called iron-ores ; these ores contain hydrated 
oxide of iron, peroxide of iron, protoxide of iron, or car- 
bonate of protoxide of iron, and accordingly are re- 
spectively termed brown hematite^ red hematite ^ magnetic 
iron, and spathose or sparry iron. Of these varieties there 
are many modifications both of structure and composition. 
We append to this group pea-iron-ore (Bohnerz) a pisi- 
form spherosiderite which consists of a silicate of protoxide 
of iron. 

These different ironstones occur in the form of strata 
or layers, veins or irregular masses, imbedded between 
other rocks of various geological antiquity. The different 
• ironstones themselves, however, have a certain difference 
of geological character which may be expressed somewhat 
as follows : — 

Hydrated Oxide of Iron, or Is sometimes an original formation and 

Brovm Hematite^ sometimes a secondary product. It 

occurs in the form of layers, veins, or 

irregular masses in formations or rocks 

of every age. 

Peroxide of Iron, Bed He- Is in most cases imdoubtedly a secon- 

matite. dary product. It occurs in the form of 

veins, layers, or irregular masses, but 

usually only in the older formations 

and rocks. 



( 
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T'eroxtde and Protoxide of Forms layers, veins, or irregular masses ; 
Iron (combined) or M(ig~ these only in the crystalline schists 
neiic Ironr-ore, and plutonic igneous rocks. Fre- 

quently occurs also as an impreg- 
nation in the volcanic rocks. 

Carbonate of Protoxide of As clay-ironstone, it forms layers or 
Irony or Spathose Iron, concretions, principally in the Coal 

formations ; as spathic iron, it forms 
veins and irregular masses in various 
different rocks. 

Peordron ore (Bohnerz), Fills cavities and depressions in lime- 

stones. 

62. BROWN HEMATITE. 

Bratjneisenstein. {Germ,) 
LiMONiTE, Beudant. (Fr,) 

A compact earthy, porous, or Jihrous aggregate of hr oxen 
iron-ore (limonite), yellowish-^brown to black with 
brown streak. 

Brown hematite consists entirely, or at least essentially, 
of hydrated oxide of iron (Fe'H^) containing 85*6 per 
cent, oxide of iron and 14*4 water. It sometimes, how- 
ever, contains admixtures of oxide of manganese, silica, 
clay, or lime. 

Varieties in Texture, 

(a) Compact Brown Hematite. 

OEMBINER DICHTBR BRAUNELSENffTEIN. (Oemt.) 
LiMONITE COMPACTS. (Fr.) 

(b) Scaly and Ochry Brown Iron-ore, Yellow Ochre. 

Erdioer Brauiteisenstein, Oder Eisenocker. (Germ.) 
OCRB JAUNB. (Fr.) 

(c) Fibrous Brown Iron-ore, or Glaskopf. ] Occurs only in 

Fasriger Brauneisenotein, Oder Glaskopf. (Germ.y I subordinate 
HfiMATEEB BRUNB coNCRfinoNNftE piBBEusB. (Fr.) J ««ontitiea as 

stalactite. 

(d) Keniform Iron-ore. ] Rounded concretions of brown 

NiBRENERz, Reinerz, Stockbrz. I irou-ore, chiefly found in clay, 
erm.)^ j ^^^ usually occuiTing in com- 

bination with 

(e) Pea-ore. \ Made up of globules (about the size 

Bohnerz. {Germ.) . of peas), mostly of concentric struc- 

MINERAI EN GRAINS. {Fr.) , ^ .^', jj J • i> ^ 

) ture, imbedded m a mass oi clay, 
iron-ochre, or limestone. 
(/) Oolitic Brown Ore. ] Occurs in the form of 

OoLiTHiscHER BRAUNEISENOTEIN. (Germ.) [ lavcrs in many forma- 

MlNBRAI BRUN OOUTHIQUK. (Fr.) J ^' ^ ^^^^a 
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{g) Bog-ore. \ Which likewise differs in the 

EASENEiflENfrrEEN, SuMPFERz, QusLL- 1 mode of its 000111761106 from 
5^."°'(^r^' ^"^■*»"' ^- [ other Tarieties. It is a porous 
MiNBRAis DE Maraib, Ldionite. I aroiiaceous deposit of Drown 
^^''•^ ' iron-ore on the earth's surface, 

and is created by springs or stagnant water. Frequently con- 
tains some phosphoric acid. 

Varieties in Composition* 
(h) A Variety rich in Manganese, 



Frequently quite black, 
therefore sometimes called 
black ironstone. 



Black Ironstone. 

MANGAKREICHER BRAUNEISENSTrEIN, 

ScHWARZEiSEXfirrEiN. {Germ.) 

LlMONTTE MAXGAXfeSIl-'feRE. (/'f.) 

(t) An Argillaceous Varlett (Brown or Yellow Clat-iron- 
stone). 

Thonreicher Braunetsenstein, THONEiSBXfirrKiN. {Qerm.) 

(k) A Siliceous Variety, passing into Brown Ferruginous 
Quartz. 

KiESELREicHER Brauneisenhtein. (Oerm.) 

HI^MATITE BRUNE SILICEU8B (JASPOIDE). (/V.) 

All these different varieties (with the exception of bog- 
ore, which only occurs on the surface of the ground) fre- 
quently form subordinate beds or veins filling up clefts in 
other rocks. Sometimes, but more rarely, they form local 
massive and irregular accumulations especially at the con- 
tact of two different rocks (contact formations). 

Bog-ore is formed at the present day as a chemical 
precipitate from water holding salts of iron in solution ; 
this process is occasioned or accompanied by decomposition 
of organic substances. If we suppose similar deposits of 
brown hematite to have taken place in former periods, 
and then to have been covered by other sedimentary 
formations, we may easily conceive how in process of 
time the thin compact layers of iron-ore which we find 
imbedded in other strata would have arisen. Sometimes 
brown hematite is evidently a product of transmutation 
from spathic iron, or even magnetic iron-K)re. 

63. RED HEMATITE. 

RoTHEiSENSTEiN. (Germ,) 

HilMATITE ROUGE. (Fr.) 

A compact, earthy, or fibrous, or sometimes crystalline, 
slaty, aggregate of red iron-ore ; colour red to black ; 
streak red. 
Spec, gray 4 — 6. 

Red hematite consists entirely or essentially of peroxide 
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of iron (70 p. c. iron + 30 p. c. oxygen), sometimes inti- 
mately combmed with oxide of manganese, silica, or clay* 
Its crystalline state is termed specidar iron (Eisenglanz), 
or micaceous iron (Eisenglimmer). 

Varieties in Texture, 
(a) Common Red Hematite. \ 

GSICEINBB DICHTER ROTHEISENGrrEIN. L QoiIiP&Ct* 

(Oerm.) f ^ 

H6MATITB BOUOB OOMPACTB. (Fr.) ' 

(6) Earthy Hematite, op Red Iron-Moulb. 

Erdioer RoTHEiSENSTiaN, oder botheb Eisenmulm. (Oertn.) 

(c) Fibrous Hematite, Reddle. 

Fabriobr RoTHEisENerrEiN, RoTHEL oder BOTHER Glahkopf. (Oerm.) 

HiMATTTB ROUGE FIBREU8E. (Fr.) 

(d) Oolitic Hematite, or Ferruginous Oolite. 

OouTHiscHER RoTHEisEKerTEiN, oder EiSENOOLTTH. (Oemi.) 

H^liATITE ROUOS OOLTTHIQUB. (Fr.) 

(e) Micaceous Iron-schist. ) Consisting of a schis- 

EisENGLiMMERscHiEFER. (Germ.) . tosc agtrregate of mica- 

FEE ouGiOTE ficAiLLEux ou MicAcfc. (Fr.) | ceousiTon, e.g. on the 

Gorgeleu in Marmaros, in Hungary, where it is imbedded 
between strata of chlorite-schist and limestone. 
(/) Specular Iron. ] As rock, an aggregate of specular 

EisENGLANZGEfirrBm. •(Germ.)[ iron(iron-fflance), usually combined 
Feb spficuLAiRB. (Fr.) l ^u-C «««,Jr «««»+™ nf ««•« ^«««« 

^ ^ ) with some quartz. Ui rare occur- 
rence as a rock ; e.g. on the Island of Elba, and at Picton-nob, 
in North America. 

Varieties in Composition. 

(g) A Variety rich in Manganese ( Whence its black 

(Black Hematite). J colour ; sometimes 

Manqan^cheb Rotheisenotein (Schwarz- J called black hematite 

HftiS^^i^QANfiOT*RE. (Fr.) ^ (Schwarzeisenstein). 

(A) Red Clay-ironstone, Red Ochre. \ 

THowREK mro rotheisenstein (Thon- j. ^\ji argillaceous variety. 

OCRB ROUGE. (Fr.) * 

(f) Siliceous Hematite. 

ElESBLREICHER ROTHEISEN- -n • • j :i j> • j 

STEIN. (Qerm.) ' Fassmg mto red ferruginous quartz. 

HfiMATITB ROUGE SOJCEUSB 

(jaspoXde). (Fr.) / 

(A;) Itabiritb. \ A compound of specular iron, micaceous 

iTABiRiT. (^^.) \ iron, magnetic iron-ore, and some quartz ; 
tabirite. ( r.) J gj,j^nujar, schistose, or compact. As acces- 
sories, it contains talc, chlorite, actinolite, and native gold. 
Found at Itabira, in Brazil (v. Eschwege, * Brasilien '). 
f/) ToPANHOACANGA (MooRSHEAD Rock). This rock consists of 
angular or somewhat rounded fragments of specular iron, mi- 
caceous iron, and magnetic iron-ore, cemented together by a 
ferruginous compound. Sometimes it also contains fragments 
of jiuartz, itacolumite, clay-slate, &c., rarely also, grains of 
native gold. At Itabira, villa Rica, and Marianna, in Brazil, 
it forms a crust on the surface of the ground of from four to 
twelve feet thick. 
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Most of the above-mentioned varieties of red hematite 
occur in stratifications or veins, like the brown hematite ; 
and they are also (though more rarely) found irregularly 
massed between other rocks, usually of the transition or 
crystalline schist formations —never those of very recent 
origin. 

We may, perhaps, be justified in regarding the red 
hematites as products of catogenic transmutation from 
brown hematite ; yet it would appear that they have some- 
times been formed from spathic iron under special circum- 
stances. Certain it is from their anhydrous state we may 
safely say that they are never original deposits from 
aqueous solution, although they sometimes contain dis- 
tinct fossils. 

Specular iron, or iron-glance (as a mineral), is some- 
times found in the clefts or fissures of volcanoes, where 
it is a product of sublimation. 

64. MAGNETIC IRONSTONE, MAGNETITE. 

Magneteisenstein. (Germ.) 

MAGNiiTiTE, Feb oxYDTiii:, HaUy and BttfrSnoy, (-^0 

A granular or compact aggregate of magnetic iron-ore ; 
black; streak black; metallic lustre; influences the 
magnetic needle. 

Spec, gray 4*5 — 5'2. 

Pure magnetic iron-ore consists of 69 to 75 per cent, 
peroxide of iron, and 31 to 25 per cent, protoxide of iron 
(therefore it contains about 72 per cent. iron). As a rock 
it occurs mixed with specular iron, chlorite, chromic iron- 
ore, titanic iron-ore, pyrites, chalcopyrite, quartz, horn- 
blende, augite, garnet, or felspar, &c. 

Varieties in Texture* 
(a) Granular. 
(h) Compact. 

(c) Schistose. The foliation is occasioned by admixture of foreign 

minerals. 

Varieties in Composition, 

(d) Pure Magnetic Iron-ore. 

(e) Chloritic Magnetic Ironstone. 

(J) Chromic Ironstone, in which chromic iron predominates or 

forms the only ingredient. 
(g) Garnetiperous Ironstone, passing over into garnet rock. 
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(K) Ptbito-magnetic Ironstone. 

(t) Catawbiktte is the name given by 0. Lieber to a rock found 

by him in South Carolina, occurring there in great abundance. 

It consists of a compound of talc and magnetic iron, intimately 

blended together. 

Magnetic ironstone forms subordinate beds or veins in 
the crystalline schists. It is very extensively developed 
at Schmiedefeld, in the Thuringian Forest, at Arendal in 
Norway, at Danemora in Sweden, as a stratum in the 
clay-slate at Berggieshiibel in Saxony. Chromic iron- 
stone is usually associated with serpentine. 

65. SPATHIC IRON, SIDERITE. 

Spatheisenstein. {Germ,) 

Fee carbonate, Haiiy ; Sidj^rose, Beudant, (2^.) 

A granular or compact aggregate of spathic iron ; yel- 
lowish-white y grey, or yellowish-brown; streak white; 
effervesces with acid. 

Spec, grav 3-7— 3-9. 

Spathic iron is carbonate of protoxide of iron (62 per cent, 
protoxide of iron, and 38 carbonic acid) ; where it occurs 
as a rock it is sometimes mixed with ankerite, calc-spar, 
clay, specular iron, copper pyrites, &c., in small quantities. 



Varieties in Texture. 

(a) Granttlar. 

(b) Vert fine-grained. 



Compact Spherosideritb (Clay- 
ironstone). 

DiCHTRB Spatheisenstein, Sphabosidbbit. 

(Germ.) 
SroftROSE COMPACTB. (Fr.) 
(d) A SHALT VARIETT OP SpHEROSIDERITE, Or CARBONITEROrS 

Ironstone (Blackband). 

SCHIEFBIOEB SPHABOSIDBBIT, oder XOHLBXEISBNSTEIN. (Oettn,) 



So called from its oc- 
curring in the form of 
spheroidal concretions 
or septaria. 



Varieties in Composition. 



Also called clay carbonate 
of iron. 



(e) RoHWAND (Germ.), A granular spathic ironstone, mixed with 

much ankerite or calcspar. 

(f) Argillaceous Spherosiderite, 

or Clat Ironstone. 
Thonbbichbb Sphabosidbbit, oder 

Thoneisenstein. (Germ.) 
Septabia abgileux. (Fr.) 

(g) Carboniferous Ironstone, Blackband. ] Dark-coloured by 

KoHLENEisENfirrEiN. (Germ.) I reason of admixture 

MINBBAI DE FEB DE8 HOUIIXfeBBS. (Fr.) j ^f ^oal J USUallj a 

slaty spherosiderite or clay ironstone (d). 
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This is the black band of Scotland. ' This natural admixttue 
of coaly matter confers on these rocks their special value, the 
raw stone being readily calcined, in fact igniting and slagging 
itself without the expensive admixture of coal, as is the case 
with the ordinary clay ironstones and hematites/ — Poffe. 
Mushet makes a distinction between Blackband and Clayband, 

Berg- XL Huttenm. Zeit. 1863, p. 296. 

The crystalline varieties occur as subordinate strata, 
veins or regular masses, in the crystalline schists or the 
older sedimentary formations. The compact spherosi- 
derites are most usually found with beds of coal. The 
origin of these stratified beds and irregular masses of 
spathic iron has not hitherto been satisfactorily explained, 
since a carbonate of protoxide of iron could not be de- 
posited imder atmospheric influences. Probably the car- 
bonic acid may have supervened at a later period. On 
the other hand, the influence of the air will quickly change 
spathic iron into brown hematite, and hence it is that 
we find the surface of spherosiderite usually coated with 
a brown crust, and many entire beds of brown hematite 
appear to have been formed in this manner. A different 
process of mutation may, perhaps, in some cases, have 
produced red hematite and magnetic iron-ore. 

Appendix. 

66. DisiLiCATE OF Protoxide of Iron. 

Halbkieselsaukes Eisenoxtdxtl. (Germ,) 
Chamoisite (Chamoison, Valais). (Fr.) 

This compound sometimes occurs in the form of pea-iron-ore 
contained in ferruginous clay, together with nodules of jasper, 
as, for instance, at Kandem, on the western margin of the 
Schwarzwald in Germany. 
Deffher, zur Erldarung der Bohnerzgebilde, Stuttgart, 1869. 

67. Siliceous Spherosiderite. 

Kdbseliger Spharosiderit. (Germ.) 
Carbonate be Fer siliceux. (Fr.) 

This is a rock, described by Naumann, of a peculiar and fine 
arenaceous character, consisting essentially of spherosiderite 

i containing manganese) and siliceous earth or quaxtz-sand. It 
brms a stratum (very rich in fossils) in the Nummulite formar 
tion of the Bavarian Alps between Traunstein and Sonthofen. 
Schafthdua, in v. L. u. Br. Jahrbuch, 1846, p. 664. 



CHAPTER V. 

MINERALS AS ROCKS. 

We have in the first three chapters treated of those 
rocks which, by reason of their great extent and volume, 
may be regarded as the principal ingredients of the earth's 
crust. We have seen that they are mostly of compoiind 
character, although some few are essentially simple mine- 
ral substances. 

In this place we propose to enumerate those simple 
minerals which appear as local accumulations in different 
parts of the globe, forming essential members of particu- 
lar formations, sometimes as stratified beds, sometimes as 
veins or dykes, or irregular masses ; their volume being 
just sufficient to entitle them to be considered as members 
of the rock family, taking an independent part in the 
structure of the solid crust of the earth, although in 
comparison with the other rock-formations which we have 
hitherto treated, their bulk is for the most part very 
inconsiderable. 

A description of the formation, texture, &c., of these 
mineral rocks will, in most cases, be unnecessary, as they 
must be mineralogically determined and recognised. We 
shall, therefore, in each case only give the name of the 
mineral, adding some short remarks as to its exceptional 
lithological character. 

68. ICE. 

Eis. (Germ.) 
Glace. (2^.) 

Sometimes compact, sometimes granular, Jibrous or lami- 
nated, 9 

We need not here describe the properties of ice, but it 
is not unimportant to consider the conditions under which 
perpetual ice occurring in large masses forms part of the 
solid crust of the earth. 

The snow which falls in the polar regions, and in 
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mountain districts above the snow-line, only partially 
thaws in summer; the remainder accumulates year by 
year. The successive falls of snow form a series of super- 
jacent strata, the fleecy mass becomes consolidated by 
pressure, and grains of ice are formed which unite into a 
stratified granular ice ; this in the Alps is called Jim or 
nevL The masses of neve thus formed glide gradually 
down over the mountain slopes and precipices into the 
ravines and valleys. In the course of their downward 
movement their stratification becomes much contorted 
and otherwise disturbed ; they are, moreover, transformed 
from distinctly granular n6v6 into indistinctly granular 
ice, or so-called glaciers. 

The glacier continues to glide with a slow movement 
down the valley. Its lower extremity, thus arrived in 
warmer regions, thaws more rapidly and equalises the 
accumulation of snow pressing down in fresh masses from 
above. Hence the general extent and size of the glacier 
usually remains much the same, although the individual 
parts are constantly changing their position. By the mo- 
tion of the glacier the traces of original stratification be- 
come more and more contorted and effaced. The glacier, 
moreover, becomes rent with frequent fissures (crevasses), 
and in these the water arising from occasional thawing 
accumulates and freezes during night or winter into new 
ice, which may be distinguished from the genuine glacier 
ice by its more compact structure. 

All these phenomena are very instructive, and afford 
many analogies to other rock formations and transfor- 
mations. From loose accumulations, by means of pressure 
and consolidation, masses are formed which become firmer 
and more solid, and at last tolerably compact. Strata 
are bent, pushed out of place, and overturned. The mass 
is torn by cracks and fissures, which are filled by water 
rendered fluid by heat. This freezes and constructs ice 
veins in ice, somewhat like granite veins in granite, only 
that*these latter were probably filled from below, and 
under a much higher temperature. By a kind of weather- 
ing process even the compact venous ice in its turn be- 
comes granular or separates into thin columnar parts, and 
all these changes take place before our eyes in compara- 
tively short spaces of time. 
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Very similar phenomena occur on a much larger scale 
in the polar regions ; only they are less accessible, and 
therefore more difficult of observation. 

Besides these permanent masses of ice lying on the 
surface of the earth, there occur in the northern plains of 
Siberia extensive underground ice strata of great thick- 
ness, sometimes interstratified with beds of sand, or they 
contain sand mixed with the ice, and occasionally these 
strata are covered with a surface layer of soil, which 
during the short summer of Siberia supports vegetation. 

69. OPAL. 

Opal. (Germ,) 
Opalb. (Ft,) 

As a rock, usually only forms very subordinate masses, 
e.g. the so-called vitrite, which occurs at Meronitz, in 
Bohemia, and contains numerous pyropes. 

If, however, we reckon under the name of opal all the 
various amorphous silicates enumerated by Naumann, we 
find amongst them several very important rocks : — 

Varieties. 

(a) Siliceous Sinter, or Siliceous Tuff. ] Stratified incrustations 
xiESKLSDiTER Oder KiBSELTUFF. (Germ.) [• and porous masses ; 

TUF 8ILICEUX, GEYSfiRITE. (Fr.) j fo^^ ^33 ^ ^epOSit of 

hot springs in Iceland and Kamtschatka, and, according to Hoch- 
stetter, still more frequently in New Zealand. (Novarareise, 
1862, vol. iii. p. 165.) 

Forms independent deposits, e. g. at Bilin, 
in Bohemia ; also irregular fillings of clefts 
in basaltic rocks, e. g. at Hanau on the 
Maine, in the dolerite. 
Menilite occurs in the Paris basin in clumps 
and beds. It is found there in gypsum and 
in marl (Eocene) ; in Auvergne, in fresh- 
water marl (Miocene). 
(d) Polishing Slate, Tripoli. ] Consists of small shell-shaped 
PouRscHiErBR, saugschibper, Kleb- particlcs of silica of a neculiar 

8CHIKFER, TRIPPEL. (Oerm.) (5 1x1.J'jJ'1.J 

Tripoli. (Fr.) form,only tobe distmguished 

^ with the aid of the micro- 
scope, so-called siliceous armour of Diatomacese or Infusoria ; 
Naumann therefore calls it Diatomeenpelit. Ehrenberg reckoned 
that the polishing slate of Bilin m Bohemia contained in 
a cubic inch 41,000 millions siliceous shells of GaiUoneUa, 
Each individual is invisible to the naked eye, so that when 
used for polishing metallic surfaces it produces only fine in- 
visible scratches. Distinction is made in Bohemia between 



(h) Semi-Opal. 

Halbopal. (Oerm.) 
Sfim-QPALB. (Fr.) 



(c) Menilite. 

Menilit. (Cferm.) 
MfiNiUTE. (Fr.) 
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the polirschiefer (soft, friable, not adhering to the tongue) and 

eaugschiefer (adhering to the tongue and more solid, probablj 

because it is impregnated with opal substance). !Both are 

only known in very recent deposits; the older ones have 

proWbly been transmuted into homstein or Ivdian stone. 

(Ehrenberfff Fossil Infusoria, Berlin, 1837, and Mikrogeologie.) 

(e) Kleselguhr. ] The same substance as polishing slate, 

KiESKLouHR. (Germ.) [ i,ut more dust-like, earthy, generally 

RANDAxrrB. (Fr.j white or yellow. Found m beds many 

^ feet thick in the turf deposits at Soos, 

near Franzensbad, Bohemia. The rock called Kandanite by 

Salvetat belongs to this species ; it consists of a white powder. 

(v. L. u. Br. Jahrb. 1848, p. 124) 

70. QUARTZ. 

QuARZ. (Germ,) 
Quartz. (Fr.) 

Occurs as an essential ingredient in many rocks, but it 
also occurs as an independent rock in many varieties, 
some of which are of considerable extent. We repeat the 
mention in this place of several quartz rocks which we 
have already noticed and included in other groups. 

Varieties, 

(a) Rock Crystal and Amethyst. ] Sometimes the essential 

bergkrystall und Amfthyst. (Germ.) [ inffredient of veins and 
Cryotal db Roche et AMfiTHYerrB. (Fr,) J ^ Jj-gj, 

(6) Common Quartz. ) Forms independent bed- veins or irre- 

QuARTz coMMUN. (Fr,) i gular masses. Quartz-schist, see p. 
246, ante ; Quartz-breccia, p. 805 ; Quartz-sandstones (siliceous 
sandstone), p. 296. Millstone-quartz, freshwater-quartz, or 
lemon-quartz, are porous varieties resembling chert, which, 
according to the fossils occasionally found in them, have been 
deposited by fresh water, as, e. g., the celebrated millstones of 
the Paris basin (Quartz meulier). 

Yellow, red-brown, or black ; forms 
transition states into jasper. Its 
mode of occurrence in nature is the 
same as that of ordinary quartz. 

(d) HoRNSTONE, Chert. \ Compact, forms independent beds, 

HoRxsTEiN, HoRNFELs. (Germ.) I veins, and masses. In Germany 

AMA8 8.UCEUX. (Fr.) j the name of Homfels is pveii to 

certain rocks, the product of transmutation of argillaceous 

deposits, and found adjoining to plutonic rocks, to which they 

probably owe the change they have undergone. 

(e) Lydian Stone, or Lydite, Black] Contains carbon which 

Chert. [ gives it a greyish colour 

KiESELscHiEFER odCT Lydit. (Germ.) \ inclinino" to black • 
QuAi«zLTBiE». (/-r.) J usually "stratified in thin 

laminse, and hence of a laminated texture; generally pene- 
trated by numerous white veins of quartz; much rent by 



(c) Ferruginous Quartz. 

Eisenkiesel. (Germ.) 
Quartz fkrrugineux. (Fr.) 



(/) Jaspkb. 

Jabpis. (Oertn.) 
Jaspe. (Fr.) 



(h) Flint. 

Fbuerstkin. (Ofrm.) 
SiLEX. (Fr.) 
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angular fissures, sometiines containing lenticular concretions, 
^d also sometimes containing lammse of clay-slate. In 
fissures it contains wavellite, calaite, variscite. It occurs with 
tolerable frequency as a subordinate stratum in clay-slate, 
slate-clay, or even mica-schist. 

' Compact, variegated, frequently striped or 
flamed (riband-jasper, a^ate-jasper). Much 
has been called jasper which properly belongs 
to the felsitic rocks, even to the felsitic tuffs. It forms subordi- 
nate layers imbedded in other rocks, and nodular concretions. 
Jasper may be readily distinguished from petrosilex (which it 
otherwise sometimes resembles) by the fusibility of the latter. 
(ff) Agate. ] The name given to certain combinations of 

Achat. (Germ.) V chalcedony, camelian, amethyst, and quartz. 
Agate. {Fr.) j ^here are many varieties: — banded agate, 
fortification-agate, coral-agate, &c. It frequently forms veins or 
fills cavities in other rocks. 

Very similar to homstone, but half amor- 
• phous, chiefly yellow, brown, grey, or 
olack. Forms nodules, and then are fre- 
quently disposed in layers j very freq[uent, e. g. in chalk. 

71. CORUNDUM. 

KoRiTND Oder Schmirgel. (Germ,) 
CoBiNDON. (Fr.) 

Forms fine-grained subordinate layers imbedded in 
crystalline schists, frequently accompanied by magnetic 
iron-ore. OchsenkopfF, in the Erzgebirge ; Gumuchdagh, 
in Asia Minor ; Naxos ; Chester, Massachusetts. 

72. FLUOR-SPAR. 

Flussspath. (Germ,) 
Fluorine, Spathfltjor. (Ft.) 

Frequently an essential ingredient in metalliferous 
veins. A compact aggregate of fluor-spar forms a rock 
at Rottleberode and Strassberg in the Hartz Mountains. 

73. ROCK-SALT. 

Steins ALZ. (Germ.) 
Sel oemmb. (Fr.) 

Chloride of sodium occurring as a rock is usually crys^ 
talline-granulary white, translucent or transparent, 
easily soluble in water, and possesses a saline taste. 

Spec. grav. 21— 2-2. 

Pure chloride of sodium consists of 60 per cent, chlorine 
to 40 per cent, sodium. In nature, however, it almost 
always contains sulphate of lime, chloride of calcium. 
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chloride of magnesium, and other salts ; frequently ad- 
mixtures of bitumen, clay, or boracite. Salt itself some- 
times only forms an ingredient of some clays (Salzthon, 
saliferous clay). 

The colour of rock-salt is variable ; it is sometimes 
yellow, red, bluish, or greenish, by reason of small ad- 
mixtures of oxide of iron. 

Varieties, 

(a) Granulab Rock-salt. 

KoRNiQES Stkinsalz. {Qerm.) 
Bel oeume oranulaibb. {Fr.) 

(b) Sparry Rock-salt. 

Blattriqks STEiNaALZ. (Oerm.) 

Bel aEMMB laminairb (spathiqub). (Ft.) 

(c) Fibrous Rock-salt. 

Fasrioes STEIN8ALZ. (Oerm.) 
Sel oehme fibreux. (Fr.) 

(d) Knistersalz. (Germ.) 

(e) Grunsalz, Spizasalz, Sztbiker Salz. (Germ.) 

Reference. 

The origin of the rock-salt of Strassfurt, near Magdeburg, has 
been lately treated in a masterly manner by F. Bischofy Die 
Steinsalzwerke zu Strassfurt; 1864. 

74. TRONA. 

Trona. (Germ.) 
Sesqui-carbonate be sotjdb. (Fr.) 

Occurs in Fezzan, in North Africa, forming a rock 
which is even used for building purposes. 

75. ALUNITE, or ALUM STONE. 

Altjnit, Oder Alauijstein^. (Germ.) 
Altjnite. (Fr.) 

Forms a rock in the neighbourhood of Tolfa, near 
Civita Vecchia. (See p. 185.) 

76. BARYTES, or HEAVY SPAR. 

Bartt, Oder Schwerspath. (Germ.) 
Barttine, ou Spath pesant. (Fr.) 

This mineral, which forms an essential part of many 
metalliferous veins, was discovered by Von Dechen, as 
constituting a compact rock forming a bed some ten feet 
in thickness, in the clay-slate of Meggen in the Lenne- 
thal. Its colour was dark-grey. 



MINERALS AS BOCKS. S5S 

Karsten's Arcliiv, 1845, voL xix. p. 748 ; see also v. Sotnm-^ 
gmy Verb, der naturh. Ver. d. pr. Rheinl. 1866, vol. xiii. p. 
800 ; Sandherger, geoL Verb. d. H. Nassau, p. 11 j and Zimn 
mermannj Harzgebirge, 1834, vol. i. p. 161. 

77. BORACITE, or STASSFURTITE. 

BoBACiT, Stasspttbtit. (Germ,) 
BoEACiTE, Stasspuktite. (Fr.) 

Forms irregular layers imbedded in the rock-salt of 
Stasfurt. 

Zeitschr. d. d. geoL Ges. 1866, voL viiL p. 166. 

78. PHOSPHORITE. 

Phosphobit. (Germ.) 

ChAUX PHOSPHATilE, APATITE. (Fr.) 

Sometimes forms compact spheroidal masses, or sub- 
ordinate layers, and even dykes or veins. Krageroe in 
Norway. 

79. CRYOLITE. 

Kbyolith. (Germ.) 
Cbtolite. (Fr.) 

Forms considerable veins in the granitic gneiss at 
Evigtok, in Greenland. (Joum. of Geol. Soc.) 

80. ARAGONITE. 

Abagonit. (Germ.) 
Abagonite. (Fr.) 

Many so-called calcareous sinters and peastones consist, 
properly speaking, not of calcspar, but aragonite. (See 
p. 281.) 

81. ANKERITE. 

Ankebit. (Germ.) 
Ank^bite. (Fr.) 

This is most frequently found mixed in subordinate 
quantities with spathic iron (vide p. 345, ante) ; and is 
sometimes found separately as an independent rock. 

82. MAGNESITE. 

Magnesit. (Germ.) 
Magn^sie cabbonat6b. (JFV.) 

Frequently forms compact masses, but of subordinate 
size and extent. 

A A 
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83. DIALLOGITE, CARBONATE OF MANGA- 

NESE. 

Manganspath. (Germ.) 
DiALLOOITE. (Fr.) 

Frequently forms the principal constituent of metal' 
liferous veins, e. g. at Kapnik, in Hungary. 

84. MALACHITE. 

Malachit. (Germ.) 
Malachite. (Ft.) 

Sometimes forms great clumps or masses in beds of 
copper-ore in Russia. 

85. TALC, or STEATITE. 

Talk oder Speckstein. (Germ.) 
Talc ou STfeAniB. (Fr.) 

Forms independent compact beds, e.g. at Gopfers-Griin, 
in the Fichtelgebirge, where it forms a rock which can- 
not be classed as a talc-schist. 

86. MEERSCHAUM. 

Meerschaum. (Germ.) 

flCUME DE MEB, MAGNilSITB. (Fr.) 

Forms separate beds in Natolia, Negroponte, Crimea, 
&c. 



87. AGALMATOLITE, or FIGURE-STONE. 

Agalmatolith Oder BiLDSTEnr. (Germ.) ! 

Agalmatolithe. (-Fr.) 

The principal member of a dyke or vein at Dilln, near 
Schemnitz. Also in China. ' 



88. KAOLIN, or PORCELAIN CLAY. 

Kaolin oder Porzellanerde. (Germ.) 
Kaolin. (Ft.) 

This is probably everywhere merely a product of the 
decomposition of rocks very rich in felspar. Aue, in 
Saxony, where it is a decomposed granite. In some 
places a slight change has converted it into clay. 
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89. LITHOMAKGE. 

SiEisraiAEr. (Germ,) 

LiTHOMAKOB. (Ft.) 

Is found in very subordinate quantity between other 
rocks. 

90. ORTHOCLASE. 

Orthoklas. (Germ,) 
Obthose. (JFV.) 

Sometimes forms independent dykes and accumulations^ 
e. g. in the granite at Carlsbad. 

91. PYCNITE. 

PYKiaT. (Germ,) 
Pycnitb. (Fr,) 

Forms concretions and dykes in the Zwitter rock, at 
Altenberg, in Saxony. 

92. EPIDOSITE, or PISTACITE ROCK. 

Epidosit Oder Pistazitfels. (Germ,) 
fipiDOSITB. (Fr,) 

Epidote usually combined with some quartz. A sub- 
ordinate formation in the Island of Elba. 

93. LEPIDOLITE, or LITHIA-MICA. 

Lepidolith Oder Lithionglimmeb. (Germ.) 
Li:piDOLiTE (Mica a Lithine). (JFV.) 

Forms an independent rock of fine-grained and foliated 
texture, e. g. at Rozena, in Moravia. 

94. ROCK SOAP. 

Bebgseife. (Germ.) 
PiEBBB DB Savon. (JFV.) 

Occurs in masses of subordinate extent, e. g. at Bilin, 
in Bohemia. 

95. BOLE. 

BoL. (Germ.) 
Bole. (Fr.) 

Occurs in masses of subordinate size in many limestone 
rocks. 

96. FULLERS' EARTH. 

Walkebde. (Germ.) 
Tebbb a Fottlon. (Fr.) 

▲ A 2 
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A substance resembling clay, somewhat greasy, but not 
in the smallest degree plastic, but falling to pieces in 
water, usually of yellowish green colour; is probably a 
product of the decomposition of basic igneous rocks. 
Cilli in Styria ; Nutfield, near Reigate, 

97. FERREO-LITHOMARGE. 

EiSENSTEiNMAKK. (Germ,') 

TfiRA.TOLITB. (Fr*) 

Occurs in subordinate masses at Zwickau, in Saxony. 

98. YELLOW EARTH, or MELINITE. 

^Si + 2FeSi + 6H. 
Gelbebde. (Oerm,) 
Occurs in small accumulations at Amberg, and other 
places. 

99. GALMEY, CARBONATE OF ZINC (in part> 

Galmei. (Germ.) 
Calamhoi. (1*V.) 

This name is indifferently applied to both the principal 
zinc-ores : the silicate of zinc and the carbonate of zinc. 
They occur together, and they form aggregates of con- 
siderable size in the dolomite limestones of Tamowitz, 
Iserlohn, Aix-la-Chapelle, &c. ' 

100. RHODONITE (in part), MANGANESE SPAR 

(Bisilicate of Manganese). 

Kieselmangan Oder Mangankiesel. (Germ,) 
Rhodonite (MANGAsri:sE silicatj^). (Fr.) 

Occurs (e. g.) in subordinate beds at Rosenau, in 
Hungary; Cummington, Massachusetts, U.S. 

101. LIEVRITE, or ILVAITE. 

LiEVRiT. (Germ.) 
Ilvaite. (Fr,) 

Occurs (e.g.) in subordinate beds in the mica-schist of 
the Island of Elba. 

102. MANGANESE-ORES. 

Manganerze. (Germ.) 
Minerais de Manganese. (Fr.) 
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One or more of these form veins of considerable thick- 
ness, or beds of irregular shape, at Ilmenau, Ilfeld, 
Kleinlinden^ Warwickshire, &c. 

103. RED ZINC-ORE. 

"RoTHZHTKERZ, (Germ,) 

MiNERAI BOUGE DB ZiNC (FrANKLHOTB). (Ft.) 

Combined with Franklinite forms a bed of very con- 
siderable thickness at Franklin, in New Jersey. 

104. GALENA. 

BLEiGtJAJSZ, (Germ,) 
GALJfcNE. (Fr,) 

Usually associated with blende and sulphurets ; forms 
veins of considerable extent and thickness, and occurs 
otherwise in separate beds. 

105. ANTIMONY-GLANCE. 

Ai^TiMONGLANZ. (Germ,) 
AsTDtoTsra, (JFV.) 

Forms veins of considerable thickness, e. g. at Magurka, 
in Hungary. 

106. ARSENICAL PYRITES. 

Aksenkies. (Germ,) 
Pyrites arsj^nicales. (Ft,) 

Usually associated with other sulphurets ; occurs in 
separate formations of considerable thickness. 

107. MARCASITE, or HYDROUS PYRITES. 

Markasit Oder Wasserkies. (Germ,) 
Marcassite. (Fr,) 

Forms subordinate layers imbedded in other rocks, e. g. 
in the Browncoal formation at Littmitz, in Bohemia. 

108. PYRITES. 
ScHWEFELKiES, Ptrit. (Germ.) 
Pyrites, .(i^.) 

Usually associated with some chalcopyrite ; forms beds. 
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veins, or Irregular masses of considerable size, e.g. at 
Domokos in Transylvania, Rio Tinto in Spain, Schmoll- 
nitz in Hungary, Goslar at the Hartz, Fahlun in Sweden, 
Agordo in tibe Alps. 

109. CINNABAR. 

Zn^NOBER. (perm.) 
Cn^ABRB. {Fr.) 

Occurs but rarely in beds of considerable size or thick- 
ness, e.g. at Almaden in Spain, Idria, California. 

110. SULPHUR. 

ScHWEFBL. {Germ,) 
SouPRE. (Fr.) 

Forms rounded concretions and layers, in marl forma- 
tions, e.g. at Radoboj in Croatia, Sicily, Perticara in 
Umbria. 
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PART III. 

OBSERVATIONS ON THE PROCESSES OF 
ROCK FORMATION IN NATURE. 

The natural processes by which rocks have been 
formed and are still in course of formation are partly in- 
dicated in the foregoing pages. The following are those 
known to us from actual observation : — 

1. Consolidation op substances from a state 
of igneous fusion bt process of cooling. this 
is the process which all lavas undergo, and by which, pro- 
bably, all igneous rocks have been formed. We must 
assume that a first crust of the earth was likewise so 
formed, but we cannot with certainty point to any of the 
rocks remaining to us at the present day as representing 
this primeval formation. 

2. Deposit of substances from a state of sus- 
pension IN water, and of substances fallen 
through the air. Thus are formed the sedimentary 
rocks, under which general designation every kind of de- 
posit is included. 

They may be divided as follows : — 

(a) Mechanical deposits (actual sediments). — To this 
class belong deposits of mud, sand, and pebbles of every 
kind, which by process of condensation and cementa- 
tion produce argillaceous shale, clay-slate, limestone, 
sandstone, conglomerate, and other similar rocks. 

From the atmosphere are deposited particles of dust 
and sand. These are frequently held in a state of 
suspension for a considerable time, and transported by 
the wind to great distances. Volcanoes vomit detached 
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substances or fine particles of dust^ which with the aid 
of water form volcanic tufas of various kinds. 

(b) Chemical precipitates from aqueous solutions. — 
By chemical agency many kinds of deposit are formed. 
For instance, calc-tuff, siliceous tuff, bog iron-ore, in- 
crustations of salt, and many mineral formations in 
clefts and cavities of rocks. The crystalline particles 
of ice which fall from the air in the form of snow may 
be considered as a chemical precipitate. Snow, as 
we have seen, forms the neve and glaciers of high 
mountain regions. 

(c) Zoogenic deposits are products of animal agency. 
Their massive accumulation is partly a mechanical pro- 
cess. Thus we have rocks formed entirely of siliceous 
infusoria, also the chalks, banks of shells, coral-reefs, 
guano and coprolite beds, &c. 

From the condensation of these rocks, homstone, 
lydian-stone, limestone, &c., may have resulted. 

{d) Phytogenic deposits are such as consist chiefly of 

vegetable substances ; these have either grown in situ, 

or have been washed together. From these deposits, by 

process of consolidation and subsequent conversion, the 

different coal formations have resulted. 

The above-mentioned processes of rock-formation are 

those which admit of direct observation. There are others 

at whose nature we only arrive by reasoning from the 

results. Such are : — 

3. Metamorphosis, or transmutation op pre- 
viously EXISTING ROCKS. This is a process constantly 
at work — it has even begun to affect most of the dis- 
tinctly sedimentary rocks. Few of these but have under- 
gone some change. Thus the changes from argillaceous 
mud to shale and then to clay-slate, from sand to sand- 
stone, from loose stones to conglomerate, from calcareous 
silt to limestone, from peat-moss to browncoal, or ordinary 
black coal, &c., are, properly speaking, all cases of meta- 
morphosis, although the rocks we have just named are not 
usually termed metamorphic. That term is reserved 
for the further stages of transmutation, where the change 
is so complete that the first state of the rock can no longer 
be easily or with certainty recognised by mere observa- 
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tion. The genuine metamorphic rocks are mica-schist^ 
gneiss, and the other crystalUne schists, whose identity 
with their originals can only be proved by deduction 
from a variety of collateral circumstances. 



The foregoing are the only processes of rock-formation 
known to us by observation, or which can be ascertained 
by deduction from known facts. These processes are, 
however, undoubted and indisputable, and our chief diffi- 
culty consists in determining in each instance to which 
mode of formation a rock owes its origin. Here many 
difficulties and justifiable doubts present themselves. Let 
us therefore attempt the application of these experiences 
and their consequences to the several groups of rocks 
which we have described in the preceding pages. 



IGNEOUS ROCKS. (Eruptiv-Gesteine.) 

No unprejudiced observer of geological phenomena can 
doubt that those which we have classed and named as 
igneous rocks were once in a fluid or viscous state, and 
that whilst in that state they broke through pre-existing 
rocks, overflowed them, and afterwards consolidated. 
Ample proofs of these operations of nature are found in 
the relation of the bedding of the igneous to those of their 
surrounding rocks, the disturbances which they have fre- 
quently (but not invariably) caused in the rocks broken 
through, the fragments of the latter which they enclose, 
and the veins or branches which they have thrust into 
those adjoining. These general conditions established, 
there still remain many special phenomena of formation 
to be explained and accounted for, which we propose 
briefly to consider in this place. 

The great mutual resemblance of all igneous rocks 
both chemically and mineralogically bespeaks a like pro- 
cess of formation for all, i.e. they were afl forced upwards 
from the interior towards the surface of the earth in a 
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molten state, like the lavas (which are evidently igneous 
products) from the active volcanoes of the present day. 
But although the composition and mode of occurrence of all 
these rocks is, generally speaking, of a very uniform cha- 
racter, yet special differences show that a great part of 
those which are now exposed to our view did not originally 
reach the surface and overflow at the time of their up- 
heaval in the manner of genuine lavas, but became solid 
at a considerable depth underground, where they still were 
covered by or imbedded between other rocks ; and we 
must assume that their present appearance on the face of 
the earth is owing to subsequent destruction and wash- 
ing away of the superincumbent rocks. Hence we dis- 
tinguish between volcanic and plutonic rocks. The vol- 
canic (as we have seen) are those which are known, or 
supposed, to have consolidated at or near the surface ; and 
the plutonic those which are presumed to have solidified 
at a considerable depth in the interior of the earth. 
There is no definite depth of measurement which we can 
fix as a boundary between these two kinds of formation ; 
the question of such depth must remain a subject for 
entirely speculative estimate. Nor is the division of 
rocks into volcanic and plutonic dependent on their mere 
age, although in most cases it corresponds to a certain 
extent in fact with their relative antiquity, because most 
of the older volcanic formations have decayed away and 
disappeared, whilst the newer plutonic formations have 
not yet been laid bare, and are therefore inaccessible to 
our view. The deeper in the earth that any rock was 
formed, the longer would be {cceteris paribus) the time 
necessary for its denudation ; and therefore the older will 
it be when we meet with it at the surface. 

Recent chemical analysis (as we have already had oc- 
casion to remark) shows a great uniformity of elementary 
composition in all classes of igneous rocks. We have 
seen that they all consist of silica, alumina, peroxide 
or protoxide of iron, lime, magnesia, potash, and soda, 
and frequently some water. Their other ingredients 
are but subordinate in quantity, and can only be re- 
garded as accessory ; such are protoxide of manganese, 
titanic acid, carbonic acid, phosphoric acid, sulphuric 
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acid, oxide of chromium, oxide of copper, baryta, lithia, 
sulphur, &c. 

The quantitative proportions of the essential elements 
vary considerably in different rocks, but this variation is 
almost as great between different kinds of the same rock 
as between the different rocks themselves ; and no igneous 
rock is of so invariable or marked a chemical character as 
to be distinguishable from the rest by it alone. 

Taking the whole range of the igneous rocks, the 
average values of Iheir chemical constituents may be 
stated somewhat as follows : — 

Extreme actual valuei. Ideal average^ 

SiHca 50—80 46 

Alumina 10—26 16 

Peroxide and Protoxide of Iron 1 — 26 10 

Lime 0—16 6 

Magnesia — 12 6 

Potash 0—10 4 

Soda 0—7 4 

Water 0—6 2 

Where the extreme values, as above given, are found 
to be exceeded on the one side or the other, the excess or 
deficiency appears invariably to have been the result of 
change, decomposition, or some similar process subsequent 
to the formation of the rock, which, therefore, is no 
longer in its original state. 

We have already indicated the division of the igneous 
rocks, in respect of their chemical composition, into two 
principal groups. 

1. !Poor in silica, or basic. 

2. Rich in silica, or acidic igneous rocks. 

The distinction between these two groups is deserving 
of considerable attention, for they also differ to some 
extent both mineralogically and geologically, although 
they cannot be very rigidly separated from each other ; 
and certain rocks of each group vary so greatly in their 
composition as actually to graduate into the opposite 
group. 

The following proportions may be stated as an approxi- 
mate average of the analysis for the two groups : — 
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JBaaic. Acidic, 

SiHca 45—60 56-80 

Alumina 10—25 10—15 

Iron (Peroxide or Protoxide) . 1 — 25 1 — 15 

Lime 1—15 0— 8 

Magnesia 1 — 12 — 4 

Potash 1—9 1—11 

Soda 1—7 2—8 

Water 0—4 0—6 

These two groups nearly correspond with the pyroxenic 
and trachytic groups of Bunsen, for which he calculated 
certain ideal or normal average values of their elementary 
constituents.* (See Poggend. Ann. 1851, vol. Ixxxiii.) 

Without, therefore, being able to fix any very precise 
standard, the distinguishing feature of the basic rocks is, 
that they contain less silica, more alumina, iron, lime, and 
magnesia, and less alkali than the acidic rocks. Within 
the limits of each group we find no coustant differences 
of chemical composition between the several species. 
These only differ in their mineral development, their 
texture, or the mode and accidents of their dccurrence in 
nature. 

We may, therefore, say in general terms that all 
igneous rocks consist of one or other of two compounds 
normally differing in the proportions of their elementary 
constituents, but that several intermediate gradations 
exist between the two extremes. Each of these two 
compounds has produced many different species and mo- 
difications of rock which have received different names. 
The differences are partly those of texture, partly of 
mineral composition. The first may in most cases be very 
simply accounted for by the particular circumstances of 

• Bimsen's values of the different elements were as follows :— 

Pyroxenic. Trachytic, 

Silica 48-47 76*67 

Alumina and Protoxide of Iron 3016 * 14*23 

Lime 11*87 1*44 

Magnesia 6*89 0*28 

Soda ..... 1*96 3*20 

Potash 0*65 4*18 

100*00 100*00 
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cooling. The quicker the cooling process, the more com- 
pact or even vitreous the product would be; and the 
slower the process, the more crystalline and coarse- 
grained would the rock become. Inequality in the crys- 
tallising power of the different ingredients would give a 
porphyritic texture ; parallel arrangement of certain of 
the ingredients would give a slaty or schistose texture ; 
development of gases during the cooling would give a 
vesicular or slag-like texture. 

The differences of mineral composition are not great. 
In most cases the elementary substances are the same ; 
and the differences of proportion in which they are com- 
bined are so small as to appear unimportant. We are 
unable satisfactorily to explain in any particular case why, 
with differences of composition so trifling, one particular 
species of felspar, of hornblende or pyroxene, or of mica 
was produced rather than another, or why, under ap- 
parently similar conditions in another rock, other mi- 
nerals, such as nepheline, leucite, talc, chlorite, &c., were 
formed in their stead. A part only of these differences 
can be traced to have any (fistinct relation to the quan- 
titative proportions of the chemical composition of the 
whole rock. Other differences consist in the presence of 
various accessory minerals. These we may presume to 
represent a surplus or residuum of certain elementary 
substances remaining uncombined after the crystallisation 
of the essential mineral ingredients. Many accessory 
minerals are, however, evidently the result of later pro- 
cesses of transmutation. 

If we disregard the specific but minor differences be- 
tween those similar minerals, which, to a certain extent, 
occur as substitutes for each other in rocks, we find a 
certain correspondence in the mineralogical with the che- 
mical phenomena, and that, speaking generally, there are 
two principal kinds of rock essentially differing from each 
other in the aggregate of their mineral composition, 
if only in their normal states of development — one a 
basic, and the other an acidic compound. These are again 
subdivided, according to their texture and recognisable 
mineral differences, into rocks of several species, as indi- 
cated in the following tabular statement. 
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As already stated, the mineral diffefences In the ig- 
neous rocks do not appear to have been all origmal, 
but to have been partly produced at a later period by 
process of transmutation. In individual cases this has 
been very well shown to be the fact by Bischof and 
Rose, although both of those distinguished men may, per- 
haps, have gone too far in their hypotheses on this sub- 
ject. The extent to which such transmutations have 
taken place is not yet established by proof, and we 
may say generally that it is impossible to be too cau- 
tious in admitting the process of transmutation as a suffi- 
cient explanation of differences between rocks, unless 
we are willing to be content with mere convenient hypo- 
theses. 

We have already observed that the causes are not yet 
satisfactorily ascertained why, from compounds chemically 
very similar, in one rock orthoclase has resulted, in others 
sanidine, oligoclase, labradorite, anorthite, &c. ; in one 
rock a hornblende, in another a pyroxene. 

The exact causes of these phenomena can never be 
ascertained with certainty. One cause, however, of dif- 
ferent forms of mineral development may be well con- 
ceived, viz. the different deptl^ at which cooling and 
solidification have taken place in rock masses. It cannot 
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be doubted that the conditions under which substances 
have combined to form minerals were very different at a 
depth of 10,000 feet from those which prevailed at a 
depth of 10 or 100 feet only from the surface. In the 
former case the masses have been subjected to far higher 
pressure — were shut out from the atmosphere — ^they were 
probably exposed in some degree to the action of water, 
but their cooling must, in masses of equal bulk, have 
been on the average a much slower process than would 
have obtained near the surface. Again, not only the 
depth of the formation, but the geological period of the ^ 
earth's development may have had considerable influence 
in determining the character of minerals. For if the 
theory is correct that the earth has cooled into a solid 
from a previous molten state, its average temperature in ' 
former periods, even at the surface, must have been 
higher, and the atmosphere more dense and heavy than 
at present. Each cooling process under such circum- 
stances would be slower, and would take place under a 
different degree of pressure than now. Thus we have 
one recognised general cause for the differences we ob- 
serve ; but the definite proof of what its precise effects 
have been under different circumstances is wanting. 

The cause for a division of the igneous rocks into those 
poor in silica and rich in silica remains a great problem 
for solution. A priori we should expect to find all 
igneous rocks of the same composition. Bunsen's theory 
of the existence of two separate volcanic furnaces in the 
interior of the earth is a mere hypothesis, which, no 
doubt, might, if it were true, suffice to explain the exist- 
ing differences, but which in itself is very improbable. 
Such furnaces, if they existed at all, must have been in 
existence through all geological time ; in almost every 
part of the globe they must have been placed side by 
side or one above the other, and yet have remained dis- 
tinct and unmixed. No circumstance, unless it be the 
very difference which we are endeavouring to explain, 
speaks for such an assumption. Even if the cooling and 
solidifying of the fluid mass of the globe should have pro- 
ceeded contemporaneously equally from the centre and 
surface towards a middle plane, as Bunsen supposes, so 
that at last only an intermediate stratum of fluid matter 
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will remain between the two, the existence of separate 
basic and acidic basins of lava will not by this assume 
greater probability. For the present we must confess 
that the cause of the differences between these two chief 
groups of igneous rocks has not yet been satisfactorily 
explained. 

It has been very ingeniously suggested that a cause 
might be sought in the different specific gravity of the 
several rock masses, starting with the assumption that in 
the former molten state of the earth the ingredients must 
have arranged themselves in some measure according to 
their specific gravity ; so that the heaviest substances 
would be accumulated towards the centre, and the lighter 
towards the surface. If the cooling process began with 
the outside of the globe proceeding inwards, then it 
follows that the specifically lighter bodies would first 
attain the solid state, and these we actually find to be 
richest in silica ; and that the heavier bodies, which are 
at the same time the most basic, would only cool at a 
later period. This law, it was considered, must prevail 
alike in an incrustation formed under quiet circum- 
stances, as in the case of eruptive rocks necessarily emer- 
ging from a great and ever increasing depth ; so that the 
oldest would be the lightest and most acidic ; the recent 
the heaviest and most basic. This theory, which Petz- 
bold (in his Geologic, 1840) pushed to the utmost ex- 
treme, i. e. to the formation of mineral veins, has been 
lately attempted to be applied in a narrower sense by 
Von Richthofen (Geol. Beschreib. von Siid-Tyrol, 1861, 
p. 308). It evidently has a great appearance of theo- 
retical probability in its favour. But when we come to 
test this theory by comparison with ascertained facts, we 
at once find it untenable, at least in part, and undoubtedly 
altogether insuflScient satisfactorily to explain those facts. 
Every geological age has produced acidic as well as 
basic, specifically light and specifically heavy, igneous 
rocks. Where syenite and granite occur together, it is 
even most usually the case that the basic syenite is older 
than the acidic granite. The basic porphyries in the 
Thuringian Forest and the Erzgebirge are on the 
average older than the acidic quartz-porphyries which 
belong to the same great period. The trachyte-por- 
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phyries belong to the most acidic and yet frequently to 
the most recent eruptive rocks. According to von 
Richthofen's own investigations, they are, on an average, 
of more recent formation than the trachytes, which con- 
tain less silica and are also somewhat heavier. Therefore, 
Ton Richthofen himself, to support his theory, was com- 
pelled to have recourse to various hypotheses, such as a 
second fusion and new eruption of old igneous rocks, &c., 
which in themselves are neither probable nor sufficient to 
solve all the difficulties of the case. We have yet to seek 
the true solution of many important problems relating to 
-this subject. Nevertheless, we are not of opinion that the 
theory of an arrangement of substances according to their 
specific gravity should be disregarded as entirely un- 
worthy of serious attention. Specific gravity may, and 
probably has had, a certain influence in the first arrange- 
ment of rock masses ; and if we are unable now to trace 
a, consistent arrangement deducible from the laws of 
specific gravity, it may be only because those traces have 
lo a great extent been subsequently effaced by other cir- 
cumstances which we have not yet discovered. A primary 
erust formed by cooling and the first sedimentary deposits, 
resulting from the decay of that first crust, may well have 
"been pre-eminently rich in silica ; more especially if at 
the time of those sedimentary deposits animal life had not 
tegun to act on the calcareous waters, and so cause a 
i'edeposit of the dissolved lime in large masses. If this 
primary portion of the earth's crust should at a later date 
have been subjected to a second process of fusion under 
liigh pressure, at a considerable depth, it may have 
tecome partially eruptive, and have produced recent 
x-ocks very rich in silica and of very uniform chemical 
composition. We may, in fact, reasoning from analogy 
tx> the meteoric stones, which represent to us the small 
planetary bodies of our solar system, believe the aggre- 
gate of the earth's mass to be far more strongly basic 
than that part of it which is open to our observation. 

Taking into account composition^ on the one hand, and 
geological character y on the other, we come to distinguish 
four great groups of igneous rocks, which groups are, 
hoiivever, not divided from each other by exact bounda- 
ries. Each may be characterised by spme typical rock ; 

B B 
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and each may be also connected with the other groups by 
means of other rocks of intermediate character. We may 
represent these groups somewhat as follows : 

Basic -T ^^^^^*^^ ' Basalt 1 Diabase, Porphyrite, 

' \ Plutonic : Diorite J Melaphyre 

Acidic I ^^^^^*^ ' Trachyte 1 Trachyte-porphyry 
'\ Plutonic : Granite J Quartz-porphyry 



or: 



We must not omit to remark that some considerations 
entitled to attention have been started against the igneous 
character of certain of the rocks so named^ and chiefly 
those which contain quartz. 

Granite is the principal representative of these rocks. 
In the case of this rock, so universally spread over the 
surface of the globe, it has been objected that, look- 
ing to the mode in which its essential ingredients, fel- 
spar, quartz, and mica are joined together, and fitted 
one into the other, those minerals could not have been 
formed in the order of their respective degrees of rapidity 
of solidification from a state of fusion, Le. first the 
quartz, then the felspar, and last the mica ; but, on the 
contrary, that it very often appears distinctly that the 
quartz, which is the most difficult of fusion, has been 
formed the last. It has been further objected that in 
granite, as well as in many other, even in certain basic 
igneous rocks, there sometimes occur accessory minerals 
whose formation by igneous means can scarcely be con- 
ceived as possible, or at least is contradicted by all 
experience. For instance, pyrites, apatite, pyrochJore, 
carbonate of lime, carbonate of magnesia, protocarbonate 
of iron, &c. These are found side by side with silicates, 
and yet without forming chemical combinations with the 
latter. Finally, it has been objected that many so-called 
igneous rocks contain some water, and according to the 
analyses of Delesse, even small quantities of nitrogen. 
(Ann. des. Mines, 1860, voL xviii.) 

Now, as regards the first objection — ^the solidification of 



IGNEOUS ROCKS. 371 

the quartz subsequently to the felspar — Durocher has long 
since shown (Compt. rend. 1845, p. 1275), that in fusing 
the compact rock petrosilex, whose composition is often 
precisely the same as that of granite, the quartz which it 
contains being associated with the other ingredients of 
the rock, is quite as readily fusible as felspar alone ; and 
hence we may conclude that upon the cooling of such a 
mass the quartz would not necessarily separate itself from 
the rest of the compound by soUdifying sooner than the 
felspar. If this be so, in the case of a granitic mass it 
might depend on some circumstance, which for want of a 
better term we may call accident, whether the quartz 
or the felspar should first happen to complete the pro- 
cess of its crystallisation, and whichever of those two 
minerals first crystallised would necessarily determine 
the form of the other. Now the felspar in granite ap- 
pears to have been the first to crystall^e, and has deter- 
mined the form of the quartz in many cases. Bunsen has 
lately thrown much light on this question (vide Zeitsch. d. 
geol. Ges. 1861, p. 61); he has shown that the melting 
and solidifying points of a mineral, when taken singly, by 
no means determine those of an intimate compound or 
alloy of such mineral with other mineral or minerals. In 
a letter to Streng, which appeared in the Berggeist 
(1862, p. 1), Bunsen, in illustration of the same law, 
adduces instances of aqueous solutions, where heat is ne- 
cessary to the solution. The so-called PattinsorCs pro- 
cess is the result of a similar experience. It is found that 
pure lead crystallises sooner than lead containing a pro- 
portion of silver ; and accordingly when the liquid mass 
of mixed lead and silver is subjected to a process of slow 
cooling, the pure lead congeals first, leaving the richer 
xnetal still in a fluid state (termed * mother water ' ). More- 
over, high pressure and water (chemically combined) may 
have exercised many important modifying influences upon 
the process of the formation of the granitic rocks. 

The second suggestion referring to the presence of cer- 
tain minerals as accessory ingredients in so-called igneous 
rocks which appear incompatible with their igneous origin, 
loses much of its force from our likewise finding s6me 6f 
the same minerals in genuine lavas, whose origin is un- 
doubted. Moreover, those minerals or substances may 

BB s 
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not have been actually present in the rocks in question at 
the period of their first formation, but have originated in 
them at a later date. As to the water contained in rocks, 
Scheerer has clearly proved that water forms a basic in- 
gredient of many minerals (e.g. many kinds of mica), 
entering into combination with silica and other acids in 
precisely the same way as any other basic oxide. Dau- 
bree has established the same fact synthetically, showing 
that under great pressure at a high degree of temperature, 
water may oe made chemically to combine with mineral 
matter. Whether the very small quantity of nitrogen 
contained in many igneous rocks was there originally, or 
whether it only insinuated itself into them at a later 
period, may, for the present, remain an open question ; all 
minor difficulties like this will probably find a satis- 
factory solution in time. On the other hand, as regards 
the carbonates of lime, magnesia, and iron cpntained in 
igneous rocks, they appear to be invariably the result of 
change or transmutation subsequent to the formation of 
the rock. Hence we never find them in very recent lavas, 
but only in those igneous rocks which have been long 
and continuously exposed to the action of chemical in- 
fluences, calculated to bring forth those minerals, and 
therefore we find them more frequently in the plutonic 
than the volcanic rocks. Pyrites, magnetic pyrites, chlo- 
rite, and talc, all likewise appear to have been the result 
of such transmutations, even if we cannot as yet satis- 
factorily so explain every single case of the occurrence 
of a particular mineral. These considerations prevent us 
from attaching much weight to the objections raised to 
the igneous origin of granite — an origin which on other 
grounds appears so conclusively established. 

The differences between the volanic and plutonic rocks 
of both principal groups, the basic and acidic (although 
smaller and more filled up by transition states than 
those between the two groups themselves), deserve a 
full share of our attention, and require some explana- 
tion. We have already more than once adverted to one 
general cause of difference, namely, the unequal condi- 
tions under which the cooling and solidification first took 
place, whether under simple or multiplied atmospheric 
pressure ; and whether on the surface of the globe, or in 
a closed space, where water probably had access. 
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Besides these original causes of difference, there are also 
the many changes which appear to have taken place in 
the state as well as composition of all rocks, subsequently 
to their first formation, chiefly no doubt under the in- 
fluence of water and gas penetrating and permeating 
them. 

In the present state of science it is impossible every- 
where separately to specify and define the results of all 
these different causes, yet we will attempt by contrasting 
the characteristic attributes of the two principal groups 
to present some general views applicable to the subject. 

The original differences may shortly be stated as fol- 
lows : — 



In Volcanic Rocks. 

Prevalent compact, porphy- 
ritic, vesicular, or vitreous 
states. Seldom or never slaty 
or schistose texture. 

Small content of water. 

Seldom crystallised quartz. 

Frequent tufa formations. 



In Phetonic Bocks. 

Prevalent crystalline -graaular and 
porphyritic, sometimes also schistose 
or slaty texture; seldom vitreous or 
vesicular. 

Greater content of water. 

More frequently crystals of quartz. 

Seldom tufa formations. 



The differences occasioned by gradual metamorphosis 
are as follows : — 



In Volcanic Hocks. 
There is little or no change. 



In FltUonic Bocks. 

The formation of amygdaloids, by 
the filling up of previously existing 
vesicular cavities with newly-formed 
minerals. 

The new formation or transformar 
tion of certain minerals in the in- 
terior of the mass, e.g. pyrites, car- 
bonates, zeolites, apatite, chlorite, 
talc, serpentine, &c. The absorption 
of more water. Decomposed wacke- 
nitic states; possibly even many 
formations of quartz. 



To sum up these observations : It appears that in the 
present state of science we cannot but regard all the so- 
called igneous rocks as parts of the earth's interior mass, 
thrust out whilst in a state of fusion, without being able 
as yet satisfactorily to explain their division into the two 
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principal groups of acidic and basic composition respec- 
tively, the minor differences inside of these groups being 
capable of explanation by the different circumstances 
under which the several rocks attained the solid state or 
by subsequent process of their transmutation. 

In addition to the works cited in the text we will here 
only notice the following : — 



Deksscy on the origin of igneous rocks, in Compt. rend, 
vol. xlviii. p. 966 ; v. L. u. Br. Jahrb. 1859, p. 459 ; and Ann. 
des Mines, 1858, vol. xv. p. 459. Delesse distinguishes between 
Igneous rocks (trachyte, dolerite), Pseudo-Igneous recto 
(trap), and Non-Igneous rocks (granite, diorite, &&). If 
we wish for extreme precision of nomenclature, the term 
Igneous is altogether inappropriate, even for the volcanic 
rocks, which have but consolidated from a state of liquid 
fusion, without any fire or burning in the ordinary accepta- 
tion of the word fire. Hence in Germany the Igneous recto 
are termed Eruptive rocks. One name is as good al^ another 
for practical purposes, if we do not seek to attach theory 
too closely to nomenclature. 

Daubt'Sey Sur le M^tamorphisme et sur la Formation des Roches 
Cristallines, 1860. 

Scheerer, iiber den Astrophyllit und sein Verhaltniss zu Augit 
und Glimmer und Zirconsyenit nebst Bemerkungen iiber 
die plutonische Entstehung solcher Gebilde, 1864. 

See also CoUa'a Geologische Fragen, 1858. The argument 
against the igneous origin of granite which has been built on 
the score of the specific gravity of the quartz falls to the 
groimd if we believe that it became solid under high pressure. 



SEDIMENTARY ROCKS. 

The general character of the processes by which these 
rocks were formed is well known and evident. They are 
deposits of fallen substances, chiefly precipitated from 
water— -a small part from the atmosphere. This, their 
origin, is proved in a variety of ways, by their composi- 
tion, their stratification and bedding, and the fossils which 
they enclose. 

A few words as to their composition may not be out of 
place here. 

If the views now prevalent respecting the earth's history 
are correct, the igneous rocks must be regarded as the 
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most original, or rather the only original formations. 
Should it appear that any part of the first crust produced 
by the original cooling of the earth's surface remains un- 
disturbed at the present day, it will properly belong to 
the igneous rocks, although not like the other igneous 
rocks, eruptive. K we take all the igneous rocks together, 
we have products of the eruptions of all geological pe- 
riods. To these products we must, therefore, chiefly look 
for information as to the nature of the substances con- 
tained in the interior earth's mass. They may represent 
a part only of that mass, but they constitute our only 
evidence on the subject. The nucleus of the earth may 
possibly be differently composed, but we possess no means 
of investigating it. 

In the aggregate composition of the sedimentary rocks, 
which we assume to be but the product of decomposition, 
re-deposition, and transmutation of the original and first 
consolidated igneous rocks, we should expect to find the 
same ingredients as in the igneous rocks, and in somewhat 
similar proportions. Therefore we should look for silica 
as the predominant ingredient, and alumina, oxides of 
iron, lime, magnesia, potash, and soda in smaller quanti- 
ties. We do, indeed, find these to constitute the sub- 
stance of the stratified rocks (although not grouped in 
the same manner as in the igneous rocks). We likewise 
find other ingredients such as compounds of carbon, sul- 
phur, and chlorine ; but these we infer have been derived 
from the atmosphere or from water. It is doubtless very 
difficult to form a sound opinion, whether in point of fact, 
the quantitative proportions of the ingredients we have 
first named are in the aggregate about the same in the 
sedimentary as in the igneous rocks, since the combina- 
tions are for the most part very different in the two classes. 
In the sedimentary rocks the lime and magnesia have 
united with carbonic acid to form the limestones and 
dolomites, or with sulphuric acid to form gypsum and 
anhydrite ; silica has produced quartzite rocks and the 
sandstones; alumina has combined with silica to form 
the argillaceous rocks; oxides of iron, the ironstones 
(iron is also much disseminated in other rocks) ; potash 
and soda have become very much distributed amongst 
many kinds of sedimentary rock ; soda, again, has imited 
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with muriatic acid to form rock-salt ; carbon (concentrated 
by process of vegetation) has formed coal-beds. 

At a cursory glance it might appear as if the sedi- 
mentary rocks in the aggregate contained more lime and 
less potash than the igneous. We must, however, re- 
member that some lime is contained in almost all igneous 
rocks (especially the basic rocks), but by no means in all 
sedimentary rocks; again, that the sulphuric acid and 
water make up a very considerable part of the bulk of 
the limestones, dolomites, and gypsums ; which bulk we 
may moreover easily be led to overrate as they are apt 
to stand out very conspicuously and prominently amongst 
the other sedimentary rocks in separate and excep- 
tionally compact masses. Taking all these circumstances 
into accoimt we should probably find that the proportion 
of lime in the aggregate of the stratified rocks does not 
essentially differ from that in the aggregate of the igneous 
rocks. As regards the potash we must recollect that its 
quantity in the igneous rocks only reaches about 4 per 
cent, as an approximate average, that the greater part of 
the sedimentary rocks contain some potash, and several 
a very considerable quantity. Great quantities of soda 
have been converted into rock-salt. We have, therefore, 
no sufficient reason to doubt that the aggregate ingre- 
dients of the igneous and the sedimentary rocks are 
equally balanced. ^ 

In the case of all sandstones, stratified conglomerates, 
tuff formations^ compact and slaty argillaceous rocks, as 
well as the greater part of the marls, limestones, dolo- 
mites, and coals, their sedimentary origin is so appa- 
rent that nobody will doubt it. The matter is less clear 
in the case of many granular limestones and dolomites, 
also in that of the massive accumulations of rock-salt and 
gypsum, although the sedimentary origin of these latter 
is now generally admitted. It is most difficult to dis- 
tinguish the sedimentary from the igneous rocks in those 
cases where the two are foimd interlying each other in 
parallel beds as sometimes happens, the igneous perhaps 
indistinctly composite or even somewhat decomposed. 

Whilst we thus find no difficulty in pronouncing on the 
origin of the sedimentary rocks in general, it is somewhat 
difficult to determine what rocks we should reckon as 
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sedimentary, and in what cases we should apply the term 
* metamorphic.' 

The expression ^ metamorphic ' will best serve a useful 
purpose of distinction if it be reserved for cases where a 
rock originally sedimentary (according to our previous 
definition) is so essentially changed in its mineral cha- 
racter as not to be capable of recognition without the 
evidence of collateral circumstances to identify it with the 
original formation. From the nature of the case, how- 
ever, no distinct division between the sedimentary and the 
metamorphic rocks is possible ; on the contrary, gradual 
transitions take place from one to the other, and the ex- 
tremes alone are distinctly different in their character, 

There remains much for investigation as to the parti- 
cular circumstances under which the several kinds of sedi- 
mentary rock came to be deposited. 

We cannot lay down any general law applicable to all 
sedimentary rocks as to the conditions under which their 
first deposit took place. The case of each rock has to be 
separately considered with reference to its bedding, and 
the organic remains which it contains. The most that we 
can say as a general proposition is, that many of these 
rocks have been deposited by the sea — some on the coasts, 
some at a great distance from the shore ; others have been 
deposited in freshwater lakes by means of rivers or springs. 
The greater part consist of matter washed together by 
floods ; some consist of the ejectamenta of volcanoes ; 
some are crystalline precipitates, and some are the result 
of processes of animal and vegetable life. 

Nor can we in general terms describe the mechanical 
forces which have acted on the materials of the sedi- 
mentary rocks to fit them for union, the mode of that 
union, the separation or combination of the chemical 
ingredients, the nature of the substances which have been 
introduced or become changed subsequently to the first 
deposit, the alterations of level which have taken place 
in the beds of those rocks by depression or upheaval, 
&c. All these are of great moment to be determined, 
but they can only be subjects of separate consideration in 
each individual case. 

The oldest rocks which are capable of being recognised 
at the present day as distinctly sedimentary, are those of 
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the transition period. Now as these rocks still contain a 
considerable number and variety of organic remains, it is 
reasonable to conclude that there have been many of yet 
more ancient date, for, according to the igneous theory of 
the earth's structure there must necessarily have existed 
a long period of time in which deposits took place before 
any organic remains existed. These oldest deposits would 
be the lowest sedimentary formations, and would contain 
few or no fossil remains. It is probable that they have 
been changed into, and now form the principal bulk of 
the metamorphic schists. If we would speculate on their 
former probable structure, we should expect their compo- 
sition to have been very uniform, because at the time of 
their deposit there were fewer causes for difference in 
rock formation than in later periods ; — many of such 
causes having arisen subsequently, such for instance as 
organic life, the origin of many calcareous, and all the 
carboniferous strata. Reasoning backwards, if we believe 
the crystalline schists to have chiefly sprung from the 
oldest sedimentary rocks, we may thus account for their 
very rarely enclosing calcareous or carboniferous beds 
(limestone and graphite). That the composition of these 
crystalline schists should much resemble that of the first 
igneous rocks, would seem to be but a natural consequence 
of their transmutation from the earliest sedimentary rocks, 
which themselves were the products of the disintegration 
of those first igneous rocks. But these speculations should 
be indulged in with caution, as they may easily lead us 
too far into the regions of unfounded hypothesis. 

METAMORPHIC CRYSTALLINE SCHISTS. 

Notwithstanding what we have had occasion to remark 
in describing the sedimentary rocks, the true interpreta- 
tion of the crystalline schists remains one of the most 
difficult problems for the geologist, since the process of 
their formation can only be subject of theory, and not of 
direct observation. 

Various theories as to the nature of their origin have 
been advanced. They have been taken for the original 
deposits of a so-called antediluvian age ; for the first cooled 
igneous products of the earth ; a part for rocks of eruptive 
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character ; and finally for sedimentary rocks very greatly 
changed or transmuted. These different views have been 
put forward at different times, have been more or less 
accepted, but all except the last have been very generally 
abandoned. 

Nobody now holds that the crystalline schists were 
deposited in their present state and condition. A few at 
most may have been formed by the first cooling of the 
earth's crust — perhaps some gneiss districts, if any such 
can be found entirely free from subordinate interlying 
beds. It is improbable that such origin can ever be satis- 
factorily proved, and it remains for the present at best 
an hypothesis which is possible for certain cases. Some 
gneiss certainly appears to be of igneous (eruptive) origin, 
but a very large proportion of the known gneiss forma- 
tions admit of no such explanation, nor is it applicable 
to any of the other crystalline schists. From a geological 
point of view we shall therefore do well to consider the 
eruptive gneiss as a schistose variety of granite, and 
every other (for the present at least) as raetamorphic. 
Hence, according to the present state of our scientific 
knowledge, the only explanation left for by far the greater 
part of the crystalline slates is that of transmutation 
from sedimentary formations. 

The following are some of the principal reasons which 
appear clearly to speak for such transmutation, without, 
however, giving us certain information as to the manner 
of the process : — 

1. Those rocks the traces of whose sedimentary origin 
are evident and distinct, present us with numerous series 
of transitions tending towards or rendering possible further 
transitions into crystalline schist, or corresponding with 
the subordinate beds which are found interlying those 
schists. We will give a few instances of such series of 
transmutation : — 

(a) Clay-mud successively passes into (or becomes) 
argillaceous shale, clay-slate, argillaceous mica-schist, 
and mica-schist. If this be so we should expect in 
the final products of this series of transmutations to 
find indications of the special composition of the dif- 
ferent original clays influencing the character of each 
rock, which accordingly should vary with the varying 
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quantities of sand, lime, magnesia, potash, or soda con- 
tained in the original clay. And to such differences of 
original composition we do in fact attribute the different 
varieties of mica-schist, or the formation in its stead of 
gneiss, hornblende-schist, chlorite-schist, or talc-schist 
(although the special character of the two latter is pro- 
bably in some measure owing to the later accession of 
solutions of magnesia). 

{b) Sand passes into (or becomes) sandstone, quartz- 
ite, quartz-schist, or itacolumite, according to the 
character of the substances originally mixed with the 
sand, or which have subsequently come to it. A mica- 
schist rich in quartz, or a gneiss, might also result from 
the transmutation of a sandstone having a copious com- 
bining medium. 

(c) Calcareous mud, consisting of microscopically 
small shells, passes into (or has actually become) chalk; 
chalk (probably by means of pressure) has turned 
to compact limestone. Chalk or compact limestone 
under pressure, by means of a high degree of tem- 
perature, may have been transmuted into granular lime- 
stone, beds of which frequently occur in subordinate 
layers between the strata of crystalline schists. 

(d) Browncoal, coal, anthracite, and graphite have 
without doubt resulted from peat or other vegetable 
accumulations. Anthracite and graphite we again find 
as subordinate formations imbedded between strata of 
crystalline schists. 

{e) Hydrated oxide of iron forms a deposit in the 
form of bog-ore or brown hematite, and these under 
the pressure of thickly overlying masses appear to have 
parted with their water, and become converted into red 
iron-ore, or red hematite. Further, by the absorption 
of one part of oxygen, red iron-ore is converted into 
magnetic iron-ore. The latter is found in subordinate 
layers between beds of crystalline schists. But in each 
of these cases the transmutations are sometimes found 
to have been reversed, and other processes have taken 
place which have somewhat complicated the actual 
phenomena. 

2. The several kinds of crystalline schist and their 
different varieties are found imbedded in manifold parallel 
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alternating layers or strata. Between these lie subordi- 
nate layers of granular limestone, dolomite, quartzite, 
ironstone, graphite, &c., and the whole series are found 
stratified in a parallel direction. This alternate bedding 
and imbedding correspond exactly with that of the sedi- 
mentary rocks — their state only is changed, being usually 
crystalline. The bedding and stratification of the crys- 
talline schists therefore furnishes a second and most im- 
portant argument for their metamorphic origin; in no 
other way can the existing phenomena be accounted for. 

3. The usual or normal bedding of the crystalline 
SQhists is lower than that of all sedimentary rocks, and 
complete gradual transitions between the two are fre- 
quently to be observed. These outward indicia alone are 
strong evidences of metamorphic origin. 

4. Finally, we may bring certain more rare or ex- 
ceptional phenomena in proof of the theory of transmu- 
tation, e.g. the occurrence in strata of crystalline schist 
of beds containing certain still recognisable fossils ; as for 
instance the limestone-slate with remains of belemnites 
between the mica-schist and gneiss of the Alps, at the 
Furca and Pass of Nufenen. At the last-named locality 
more recent formations are also found exceptionally very 
much changed, but not entirely transmuted. 

Taking all these facts together they appear to us to 
furnish as complete a chain of indirect evidence in favour 
of the transmutation of a very large proportion of the 
crystalline schists as we could well expect to find where 
from the nature of the case direct observation is un- 
attainable. 

The causes and manner of the transmutation, however, 
constitute a different question. 

The first theory of geologists upon this matter was that 
the crystalline schists had been formed out of the sedi- 
mentary by the operation of great eruptive masses of 
igneous rocks thrusting themselves through, over, and by 
the side of the sedimentary rocks — ^therefore by the effect 
of contact ; and it was also supposed that the felspar of the 
gneiss was only forced into it from granitic compounds. 
The frequent occurrence of granite in the immediate 
neighbourhood of gneiss, the fact that granite districts 
are frequently entirely surrounded by gneiss, which latter 
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gradually merges into mica-schist towards its external 
boundary (as for instance, in many parts of the Erzge- 
birge); all these and like phenomena might no doubt 
be cited in favour of such an hypothesis. But on the 
other hand, no possible explanation could be afforded on 
this assumption for the uniform distribution of the felspar 
in the gneiss, nor for the extent of the supposed effect 
of the contact without a regular diminution of force cor- 
responding with the distance from the transforming cause. 
Very frequently the observable mass of eruptive rock 
(which according to the theory should be the cause of 
the transmutation) bears no adequate proportion to the 
extent of the crystalline schist (which has become trans- 
muted). Many large districts of crystalline schist are, 
moreover, entirely free from granitic or other eruptive 
intrusions ; and it would, to say the least, be hazardous in 
such cases always to presume the existence of a substratum 
of granite which had failed to penetrate to the surface. 
Again, many considerable granite districts are not sur- 
rounded by gneiss or other crystalline schists, but on the 
contrary are immediately in contact with distinctly sedi- 
mentary rocks, which latter have remained almost entirely 
unchanged by the contact, or at all events are not changed 
into crystalline schists, although their bedding shows 
clearly enough that they have been actually broken 
through by the granite. The Hartz and Saxon Voigt- 
land afford remarkable instances of this kind. Thus we 
find clay-slate formations of different ages broken through 
by great masses of granite ; at the margin of the granite, 
however, we find no trace of gneiss or mica-schist forma- 
tions, but only the ordinary clay-slate changed for a 
relatively small distance into homstone, nodular schist 
(Knotenschiefer), or chiastolite-schist — changes which no 
doubt have been caused by contact with the granite, 
but which bear no resemblance to gneiss-formations, and 
are probably the consequence more of a hydroplutonic 
operation than of the high temperature of the granite 
alone. 

We are aware that Credner (in v. L. u. Br. Jahrb. 
1849, p. 8) has described an occurrence at Glasbach on 
the Schwarza, in the Thuringian Forest, where it really 
appears as if the clay-slate, broken through by a very 
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considerable dyke of granite, has been transmuted into 
gneiss for some short distance from the granite. Under 
special circumstances, and if we find the clay-slate to 
contain the same elements as the gneiss, we may well 
admit the possibility of such an effect of the contact of 
granite without our being authorised therefore to con- 
clude that all gneiss has arisen from the same or similar 
transmuting causes. We should rather regard such an 
instance as proving that in particular cases special causes 
have been competent to supply those more universal con- 
ditions and processes of transmutation by which the 
greater part of gneiss rocks have been formed ; just as in 
the neighbourhood of basaltic rocks and porphyries ex- 
ceptional formations of anthracite have taken place. 

From all these considerations we gather that no effect 
which could be produced by the contact of eruptive 
igneous rocks would be sufficient to have caused the 
formation of the great mass of the crystalline schists, but 
that we should rather look for causes much more general 
in their operation. These are most probably no other 
than pressure and heat. We accordingly hold that not 
only the crystalline schists but also the subordinate masses 
imbedded in them are nothing more than the latest result 
of that very general process of transmutation which all 
sedimentary deposits have undergone and are still under- 
going from the moment that they begin to be covered 
more or less thickly with other more recent deposits. 

Now a very thick covering with recent deposits can 
only be the consequence of a previous depression. But 
by the combined effect of depression and the weight of 
fresh deposits the underlying strata are subjected not only 
to an increased pressure but also an increased temperature. 

In the earhest periods of the earth's development, 
there probably was also an increased pressure from a 
denser and more heavily laden atmosphere, and besides 
the increase of heat with the depth from the surface, 
there was doubtless a generally higher temperature of the 
whole globe, so that the difference which now exists 
between older and more recent igneous rocks, and be- 
tween volcanic and plutonic rocks, would at that time 
be much smaller, all volcanic formations partaking more 
or less of the nature of the plutonic* 
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Therefore, pressure and heat, with the addition, per- 
haps, of water (which has either penetrated the earth to 
a considerable depth or which chemically formed a part of 
its original composition), appear to have worked together 
through great periods of time to produce the final result 
of the transmutation into crystalline schist; and those 
crystalline schists which are now to be seen on the earth's 
surface must also have been lifted and partially deprived 
of their superincumbent masses. But as each process of 
covering, of transmutation, of raising and re-exposure, 
must have occupied extensive periods of time, it follows 
that all crystalline slates which are now accessible to ob- 
servation are of very ancient formation. In general lan- 
guage, they may be said to represent the oldest deposits 
in a metamorphosed state. Exceptions to this character 
can only be attributed to special circumstances. In the 
Alps, such exceptions do appear to have taken place. The 
deposits of the Jurassic, the Chalk, and the Tertiary periods 
exhibit there an extraordinary thickness of development, 
and, consequently, belemnitic strata (of the oldest deposits 
of the Jurassic period) appear in certain places to have been 
so thickly covered as to have been changed into crys- 
talline schist ; and very energetic upliftings have also at 
a later period exposed them. 

In general we may say of the Alps, that the process of 
metamorphosis has been there pushed up higher in the 
scale of the earth's history than elsewhere is usual. The 
Eocene deposits contain firm clay-^late, which is used for 
roofing purposes ; the Miocene browncoals of the Mo- 
lasse formation appear already to have almost become 
ordinary black coal, &c. On the other hand, we find the 
converse of this state of things in the low lands of Kussia, 
where the oldest Silurian formations are still partially in 
the state of plastic clay and friable sandstone, probably 
because they have never been thickly covered. 

The temperature to which the lowest deposits have been 
subjected, under very great pressure of thicklying super- 
incumbent masses, may even have reached so great a 
degree that some or all of the rocks composing such strata 
have been softened or perhaps partially fused. In this way, 
for instance, we may explain the otherwise singular pheno- 
menon of layers of granular limestone which sometimes 
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Ke between beds of crystalline schist; yea, even sili- 
ceous rocks may have been softened by this means^ en- 
tirely losing their slaty texture and stratification. 

No doubt, we may be easily led by such speculations 
into regions of unfounded hypothesis, but the causes to 
which we have referred afford a possible explanation of 
many bedding relations between granulite and gneiss, 
which cannot be accounted for by simple transmutation 
from a sedimentary formation. 

Now, granted that we are able to explain the special 
state of the crystalline schists by such general plutonic 
influences as pressure and heat, there yet remains the im- 
portant question whether their chemical composition also 
corresponds with this theory of their transmutation; in 
other words, whether the sedimentary rocks originally 
contained, or could have subsequently absorbed, those in- 
gredients which were necessary to the formation of the 
crystalline schists. In many of the sedimentary rocks this 
is most certainly the case* We need only compare the 
ingredients of the crystalline schists with those of the as 
yet uncrystalline slates as given in the tables, p. 86, 
ante, in order to perceive that, even without the accession 
of new ingredients or parting with any which they now 
contain, many a clay-slate might be changed into a mica- 
schist, and others into a gneiss, if their ingredients could 
be so disposed as to combine into crystalline mineral ag- 
gregates. The elements are there; the opportunity of 
assuming a new shape is the only thing wanting. The 
composition of different clay-slates, several of which also 
contain some lime and magnesia, corresponds with that 
of many different varieties of gneiss, mica-schist, and 
hornblende-schist. Doubtless an additional quantity of 
magnesia would be necessary to the formation of the 
chlorite and talcose schists, but the possibility of the ac- 
cession of solutions of magnesia is proved beyond doubt 
by the existence of numerous pseudomorphs of certain 
well-known minerals. With reference to the formation of 
these magnesian rocks (to which serpentine also belongs), 
certain special conditions would appear to have been ne- 
cessary in their case in addition to the general causes 
which contributed to the formation of the great mass of 
the other crystalline schists. 

C C 
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Our hypothesis (to which, however, we lay no personal 
claim) by no means excludes the possibility of water as an 
auxiliary agent in such transmutations as we have de- 
scribed. The comparatively recent experiments of Daubree 
have established that water will remain in combination 
with other substances, such as silicates, under high atmo- 
spheric pressure, even at a white heat ; and that in such 
cases it even materially affects the fusing point of sub- 
stances ; and Scheerer has proved that the water con- 
tained in the mica of gneiss was a part of its original com- 
position. This water may have caused many phenomena 
in the interior of the earth, which as yet we are not able 
accurately to explain or prove. 

What thickness of superlying strata should be assumed 
as sufficient to produce the transmutation which has re- 
sulted, we are unable to say ; and we have fewer data for 
any computation, as, according to the igneous theory of 
the earth's formation, the average temperature of the 
whole globe, including the surface, must formerly hare 
been much higher, and the atmosphere more compact and 
dense, therefore the pressure much greater, than at the 
present day. Moreover, in all geological phenomena 
the duration of a particular influence will to some ex- 
tent supply any deficiency in its energy ; and, as we have 
no standard by which to measure the time of geological 
processes, we have free scope to assume any duration of 
time that appears necessary to explain their operation. 

The crystalKne schists, if we take their principal repre- 
sentatives, gneiss and mica-schist, are more closely allied 
to the acidic than the basic igneous rocks. The cause of 
this is easily explained. In the igneous rocks, the two 
principal bases, whose greater or less proportion chiefly 
creates the distinction between the acidic and basic groups, 
are lime and magnesia. Now, on the decomposition or 
disintegration of the igneous rocks, their lime and mag- 
nesia having first been taken up in solution (for the most 
part in combination with carbonic acid), have then been 
separately deposited in the form of independent beds of | 
limestone and dolomite. The aluminous and quartzose 
ingredients of the igneous rocks have formed the more 
mechanical deposits of clay and sand, free from lime, and 
appear to have produced the greater part of the crystal- 



METAMORPHIC SCniSTS. 387 

line schists ; and as the calcareous and magnesian deposits 
were originally formed between the strata of clay and 
sand, so we again meet with limestone and dolomite rocks 
imbedded between the acidic crystalline schists ; and we 
may assume that they represent the collective amount of 
lime and magnesia in which the average of the crystal- 
line schists is deficient as compared with the average of 
the igneous rocks. This separate development of the 
lime and magnesia may likewise be the reason why com- 
binations of hornblende, pyroxene, and labradorite are, 
generally speaking, far less frequent in the crystalline 
schists than in the igneous rocks. 

The crystalline schists, according to our theory, must 
represent the most ancient or undermost deposits of the 
world's history. They are the oldest rocks of which we 
have knowledge, since we find them overlaid by all the 
sedimentary rocks, and broken through by every kind of 
igneous rock. But the question arises, upon what foun- 
dation can these deposits have first rested, if no other 
rocks were previously in existence? Doubtless there 
must have previously existed a firm foundation or floor of 
deposit separating the fused mass of the interior from the 
covering of water and air, by whose means alone deposits 
could be formed. If, therefore, we acknowledge the fused 
state of the whole earth as its most ancient geological 
condition, we are necessarily led to assume the existence 
of a very thick first crust, caused by the cooling of the 
surface of this molten matter before it would be possible 
for any sedimentary or eruptive rocks to form. Now 
what has become of this first crust, unless it be repre- 
sented by the crystalline schists ? It is certainly difficult 
categorically to answer a question of this nature, refer- 
ring to ages and circumstances long since passed; but 
one thing is certain, viz. that such gneiss, mica-schist, or 
argillaceous mica-schist, as contain parallel subordinate in- 
terlying beds of limestone, dolomite, hornblende-schist, 
quartz-schist, ironstone, or graphite, and the like, can- 
not have been formed by the first cooling of the earth's 
mass. No doubt where such interlying beds are entirely 
absent, as, for instance, in some gneiss, it is possible that 
such districts may be the remains of a first crust of the 
earth. Further, it is not certain that all granite is of 

C C 2 
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eruptive origin ; indeed, there are many circumstances 
that point to a contrary assumption in certain districts. 
Here, therefore, we have something which may possibly 
date from the first cooling of the earth's surface. But 
uniform districts of gneiss containing no foreign subordi- 
nate beds, and granite districts without recognisable 
traces of eruptive origin, are phenomena so rare to our 
present geological experience, that they evidently do not 
suflSce to represent a great primeval crust of the earth. 
Under these circumstances, there seems nothing left for 
us in the present state of our knowledge but to assume 
that the greater part of the first crust, having become 
very thickly covered with deposits, has been gradually 
remelted and become eruptive, perhaps in the form of 
granite. There is, indeed, no reason why the same fate 
should not have been shared by the oldest rocks of de- 
posit ; and thus it may be that the chronological starting- 
point of geological development has frequently been 
effaced, and become altogether uncertain. 

In what we have said above, we have endeavoured to 
develope the plutonic theory of the origin of crystalline 
schists. Recently, however, other explanations of the 
origin of those rocks have been started, not so much by 
geologists as by chemists, who also assume their origin 
by transmutation from sedimentary rocks, and differ from 
the geologist chiefly in denying all plutonic agency, only 
acknowledging the efficacy of such chemical processes as 
might have taken place under the conditions existing at 
the surface of the globe. 

We have already more than once shown, in the course 
of this work, that plutonic processes do not exclude the 
combined action of water as an auxiliary agent ; and thus 
may deserve the name of Hydroplutonic; but, according 
to the more recent views of some chemists, water alone is 
said to suffice, under circumstances of ordinary pressure 
and temperature, to have brought about these transmu- 
tations in the course of time. 

We do not venture to pronounce upon such theories 
from a chemical, but only from a geological point of view, 
and in this respect they do not satisfy our mind, chiefly 
because they disregard the effect and influence of very 
thick overlying strata, therefore of high pressure and 
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increased temperature ; because they do not explain why, 
for instance, in the Alps, very recent deposits are greatly 
altered in character, whereas in other countries very old 
deposits where they have remained uncovered are scarcely 
changed at all (as, for instance, in Northern Russia); 
and finally, because they leave the phenomena of con- 
temporaneous mechanical changes, such as condensation, 
slaty structure, &c., entirely unexplained. Assuming it 
to be the fact that by the agency of water alone, under 
circumstances of ordinary pressure and temperature, mica- 
schist or gneiss, hornblende-schist, &c., might be produced 
from clay (argillaceous shale or clay-slate), it would still 
be difficult to believe that by such agency proceeding from 
the surface, whole complicated systems of strata should 
not have been more locally influenced, and very differently 
affected at different depths, instead of having been almost 
everywhere equally and uniformly influenced by the trans- 
forming cause. Again, if all these important changes 
and transmutations were entirely or chiefly due to water, 
it would be very extraordinary if we did not find that 
they had been occasionally modified by the increase of 
temperature and of pressure to which they must have been 
subjected, since we cannot shut our eyes to the existence of 
such influences in the interior of the earth, and numerous 
geological facts sufficiently prove that many rocks which 
once were very thickly covered have been subsequently 
laid bare by processes of uplifting and denudation. 

If we adopt the pure chemical hypothesis, then we must 
abandon the idea of that relationship existing between 
bedding and transmutation which, according to the plutonic 
theory, is an invariable law. It is indeed somewhat sus- 
picious that the supporters of the chemical theory, in 
order to make the plutonic appear improbable, almost 
entirely dispute as a fact the operation of pressure and in- 
creased temperature in the interior of the earth, whereas 
every unprejudiced person acquainted with the rudiments 
of physics must admit these forces to exist inevitably 
under the given circumstances. The same persons are 
even in the habit of disputing the eruptive character of 
the greater number of igneous rocks, from which we 
infer that they are deficiently acquainted with geological 
facts from personal observation. We purposely use the 
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word eruptive (not igneous) because the eruptive cha- 
racter of the rock is unmistakably proved by tlie form of 
its mass, even if occasional doubts should arise as to the 
actual state of some few rocks at the time of their in- 
trusion. 

In other words, we do not regard those chemists very 
competent guides in pure geological questions, who fail 
adequately to regard the external phenomena of form and 
bedding no less than the elementary composition of rocks. 

We would not be understood to depreciate the carefiil 
experiments and researches which we owe to Gr. Bischof 
and others on the effect of water in the processes of for- 
mation and transmutation of minerals. These are highly 
instructive, and they are more especially valuable as 
clearing up and explaining very scientifically what was 
previously only matter of surmise respecting the nature of 
the process of formation of mineral deposits in vesicular 
cavities and fissures of some rocks, and respecting the 
special formation and transmutation of minerals in the 
interior of other rocks, by which latter process, for in- 
stance, serpentine, chlorite-schist, talcose schist, &c., may 
in many instances have resulted. 

In the course of these observations mention has been 
made of transmutation by means of contact ; i. e. of such 
transmutations as are found at the margin or in the 
neighbourhood of eruptive igneous rocks which have 
broken through sedimentary rocks. That such exist 
cannot be doubted ; as a rule, however, they extend to 
only a very limited distance from the eruptive rock. 
They may be divided into such as are purely plutonic or 
hydroplutonic, and such as are volcanic processes. To 
the plutonic processes belong the formations of hornstone, 
nodular schist (Knotenschiefer), and chiastolite-slate on 
the contact-margins of granite or greenstone. To the 
volcanic processes belong special induration, slacking, 
vitrefaction, coking and columnar jointing of argilla- 
ceous sandy or carboniferous rocks on the margins of 
basalt, trachyte, or porphyry. These latter cases appear 
to be simply the result of greatly increased temperature 
and subsequent rapid cooling without water. The plu- 
tonic processes, on the other hand, admit of the combined 
agency of water and heat. 
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Transmutations occasioned by the burning of beds of 
coal (as the burnt clays, described p. 338, ante) are pro- 
cesses of entirely local character, and there may be many 
other such which it is unnecessary further to describe for 
our present purpose. 

The transmutations of which we have hitherto spoken are 
chiefly such as have taken place in the interior of the earth 
with exclusion of atmospheric air. For these Haidinger 
has proposed the term catogenic in contradistinction to 
the anogenic transmutations which proceed from the ex- 
terior towards the interior, under the influences of air and 
water. These latter correspond in part with the very 
general process of weathering the rocks ; they do not, 
however, always consist in the decomposition or disin- 
tegration of the masses affected, but sometimes rather in 
the formation of hydrates. To this belong the coalescing 
of the felspathic rocks, the formation of wack^s by means 
of compounds containing augite or hornblende, the for- 
mation of gypsum from anhydrite, &c. These anogenic 
transmutations likewise play an important part in the 
chain of processes by which in nature matter circulates 
through its various forms. 

The most striking of the contrasts between the cato 
genie and anogenic transmutations may be stated some- 
what in the following manner : — 

Catogenic, Anogenic, 

Condensation and induration. Disintegration. 

Crystallisation. Frequent destruction of the crys- 

talline state. 
Deoxidation. Oxidation. 

Loss ,of water (to a certain Formation of hydrates. 

extent). 
Formation of slaty schistose or 
texture. 

The following recent works may be here cited as espe- 
cially noteworthy upon the metamorphosis of rocks : — 

St. Claire DeMe, the Operation of Chlorides and Sulphates upon 
the Metamorphism of the Sedimentary Bocks, Compt. rend. 
1868, vol. xlvii. p. 89. 

A, GageSy on the Study of some Metamorphic Rocks, Philos. 
Mag. 1859, March, p. 169. 

O. Lieber, Critique on the Views of Bischof and Naumann on 
the Subject of Metamorphism, iu Mining Mag. vol. i. Decem- 
ber 1869. 
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Delesse, fitudes sur le M^tamorphisme des Roclies, Paris, 1861: 
V. L. u. Bp. Jahrb. 1868, pp. 336 and 727, 1869, pp. 222 and 
223 ; rinstitut, 1861, p. 276. 

DaubrSe, £tudes sur le M^tamorphisme et sur la Formation des 
Koches Cristallines, Paris, 1860. 



MINERAL VEINS AND VEINS OF ORE. 

These almost form a special group of rocks, and would 
be entitled to an equal place by the side of the three 
other groups, if the extent of space which they occupy in 
nature were not so small. They but fill up narrow fis- 
sures in other rocks. Their origin appears, almost with- 
out exception, to have been hydroplutonic. They are, for 
the most part, chemical precipitates from aqueous solu- 
tions formed in the interior of the earth under very dif- 
ferent circumstances of pressure and heat than those 
which prevail upon the surface. 

Having treated these formations, which occupy so sub- 
ordinate a space in the composition of the earth's crust, 
at length in our book on ^ Erzlagerstatten,' we shall not 
devote further space to them here. 
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CONCLUSION. 

Bearing in mind the facts and considerations above 
stated, if we take a general review of the various forma- 
tions and transformations of rocks, we shall discover in 
them a perpetual process of circulation or rotation of 
substances, and of their different states. The substances 
remain, but the forms in which they appear and the mode 
of their combinations vary. 

Disregarding for the moment the first solid products 
of cooling on the earth's surface, as not being capable of 
identification at the present day, we may most conve- 
niently enter the circle of transmutations with the erup- 
tive igneous rocks, as approaching most nearly to original 
formations. These then are constantly attacked and de- 
composed by chemical and mechanical forces acting from 
their surface inwards, and from their cracks and fissures 
outwards. 

The products of this decay are deposited either in the 
form of chemical precipitates or mechanical aggregates. 
By chemical process of precipitation cavities and fissures 
in rocks become filled up {amygdaloids and veins\ depo- 
sits are made at the mouths of springs of Umestone-tuffy 
siliceous tiiff^ hog-ore, &c. ; or else, other crystalline rocks 
are formed, such as gypsum or rock-salt. By mechanical 
agency, on the other hand (partly aided by organic pro- 
cesses), there arise the much more important and exten- 
sive deposits of clay, sand, pebbles, marl, limestone, and 
dolomite", and during the process of deposit, carbon (in 
the form of carbonic acid from the atmosphere), water, 
chlorine, and some other substances are added to the pre- 
viously existing materials. 

But, like the eruptive masses, all these deposited masses 
in their turn are partly decomposed and washed away by 
external forces, and in other part they become greatly 
changed internally by pressure and the action of heat. 
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By means of heat and pressure acting during long periods, 
parts which thus in the first instance were only mecha- 
nically bound together, enter into new chemical com- 
binations with each other, and assume a crystalline state 
more or less analogous to that of the crystalline mineral 
aggregates of the eruptive rocks. It is even pro- 
bable in many cases that the substance of these deriva- 
tive rocks has been fused and become eruptive a second 
time. 

Thus the process of destruction and new formation of 
rocks, be it ever so slow, and therefore difficult of ob- 
servation, has never, at any time of the earth's history, 
been interrupted, but continues at the present day ; and 
not only is this true of the original formations, but the 
new products of consolidation, of deposit, and of transmu- 
tation have always been equally subjected, and are still 
subject, to the same processes. 

This is the perpetual circulation of matter in the world 
of rocks. 

In the course of such various and renewed working up 
and transformation of the same substances, with the addi- 
tion of those others furnished by the air and water, it 
cannot be matter of wondei* that the variety of their 
groups has been always somewhat on the increase ; for, if 
certain processes in this rotation are altogether universal 
in their character, recurring in the same way, everywhere 
and in every age, yet in consequence of the general mul- 
tiplication of conditions and circumstances, and the in- 
creasing aggregate of their results, special combinations 
of the same processes have constantly arisen in later times 
and brought about special formations of rocks which were 
not previously in existence, or which do not belong to 
the normal phenomena of nature. 

This increase in variety of the products of later times 
is not confined to geological and mineral substances ; a 
greater and more rapid increase has taken place in the 
organic world, where the forms of life have multiplied in 
an ever ascending ratio (partly in consequence of the 
change and increase of the conditions of existence from 
geological causes). 

The processes of change, to which the outward con- 
formation of the globe's surface is subject, likewise mul- 
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tiplj more rapidly than mere strictly geological pheno- 
mena. 

Reasoning, therefore, from the past and from analogy 
with other kingdoms, we must expect the species of rocks 
and kinds of rock-formation to go on increasing inde- 
finitely for the future, as they have been increasing con- 
tinually ever since the first solidification of our earth's 
>rust. 
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AAC 
4 ACHEN, smithsonite of, 34 
^ Aberdeenshire, andalusite of, 35 
Adamello Mountains, in Southern Tyrol, 

tonalite of, 207 
Adam's Peak, Ceylon, oligoclase-gneiss 

of, 239 
iEgina, trachyte of, 186 
JEtna, alum, near the crater of, 50 

— dolerite of, 137 

— hematite of, 63 

— labradorite in the lavas of, 1 1 

— trachyte of, 186, 188, 192 
Africa, limestone of. 282 

— lower chalk of, 283 

•— nummulitio limestone of, 282, 283 

— trona of, 59, 352 

Agordo, in the Alps, pyrites of, 358 
Aix-la-Chapelle, galmey of, 356 
Ajaccio, diorite of, 155 
Albanian Mountains, leucite rock of, 

143, 186 
-— peperino of the, 308 
Algarve, in Portugal, foyaite of, 181 
Algeria, nummulitic limestone of, 282 
Alleghany Mountains, anthracite of, 336 
AUgau, allogorite of, 142 
Almaden, in Spain, cinnabar of, 358 
Alps, adularia of the, 9, 201 

— alpiniteofthe, 239 

— analcime of the Seisser Alp, 30 

— anhydrite of the, 48 

— browncoal of the, 330 

— chlorite-schist of the, 250 

— dolomite of the, 289 

— fim or n^vd of the, 346 

— fluor-spar of the, 69 

— gneiss of the, 239 

— granite of the, 206, 207 

— greenovite of the, 47 

— gypsum of the, 49, 292, 293 

— limestone of the, 283, 284 

— chalk formation of the, 283 

— melaphyre of the, 163 

— mica-schist of the, 244 

— nagelflae of the, 303 



AME 
Alps — continued 

— red sandstone of the, 300 

— pebbles at the foot of the, 102 

— potstone of the, 251 

— pyrites of the, 358 

— roofing slates of the, 265 

— shale of the, 267, 268 

— sandstone of the, 299 

— talc-schist in the, 252 

— mica-schist of the Eastern, 244 

— celestine of the Seisser, 48 

Alps, Northern, breccia-like rocks of, 305 

— dolomite of the, 289 

— glauconite of the, 27 

— mart of, 274 

Alps, Pennine, dolerine of the, 252 
Alps, Western, spilites of the, 167 
Alpujarras, in Spain, galena of, 70 
Alston Moor, aragonite of, 58 
Altai Mountains, porphyrite of the, 170 
Altenberg, in Saxony, chlorite of, 25 

— granite- porphyry of, 214 

— granular limestone near, 277 

— greisen near, 321 

— Zwitter rock of, 322 

— pycnite of, 354 

Altenhain, in the Erzgebirge, granite- 
porphyry of, 213 
Am berg, yellow earth of, 356 
America, liniestone of, 283 

— lower chalk of, 283 
America, North, alunogen of, 50 

— apatite of, 63 

— blue spinel of, 61 

— catawbirite of, 345 

— chromic iron-ore of, 62 

— franklinito of, 357 

— hornblende-schist of, 254 

— mispickel, of, 74 

— nacritide of, 244 

— itacolumite of, 249 

— naphtha of, 77 

— orbitoidal limestone of, 283 

— petroleum or rock-oil of, 337 

— r utile of, 66 
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AME 



BER 



America, North — tontinued 

— hpecular iron of, 343 

— titanite of. 47 

— trona of, 59 

America, South, andesite of, 192 

— felspar rocks of, 188 

— itacolumite of, 248 

— trachyte of, 186 

Amiano, in Parma, naphtha of, 77 
^ndernach, on the Rhine, leucite rock 
near, 143 

— titauiie of, 47 
Andes, andesine of the, 1 1 

— felspar rocks of the, 188 
Andreasberg, analcime of, 30 

— anhydrite of, 48 

— apophyllite of, 30 

— harmotome of, 32 

Antisana, in South America, andesite 
of, 192 

— trachyte of, 186 

Antrim county, granular limestone of, 27 8 

— phillipsite'of, 32 
Arabia, turquois of, 54 
Aragon, nitre of, 55 

Ararat, Mount, andesite of. 192 
Ardennes, ottrelite-schist of the, 256 
Arendal, in Norway, apatite of, 83 

— graphite of, 75 

— magnetic iron-ore of, 61, 345 

— pistacite of, 42 

— scapolite of, 42 

— titanite of, 47 
Argyleshire, titanite of, 47 
Arksatfiord, in West Greenland, cryolite 

of, 69 
Artern, in Thuringia, mellite of, 77 
Aschaffeaburg, gneiss of, 239 

— granite-porpliyry of, 213 

— titaniferous iron of, 63 
Asia Minor, corundum of, 351 

— nummulitic limestone of, 283 
Aue, in Saxony, kaolin of, 354 
Auerbach near Heidelberg, granular 

limestone of, 278 
Auerbach, in the Odenwald, kinzigite 

«»f, 320 
Aulgasse, in Siegburg, dolerite of, 135 
Au»sig, in Bohemia, natrolite of, 32 

— phonolite of, 200 

Autun, in France, bituminous sub- 
stances of, 77 
Auvergne, aluuite of, 52 

— apophyllite of, 30 

— colourless hyalite of, 8 

— scolecite of, 33 



Auvergne — cnniinued 

— zircon of, 41 

Ayerno, Lake of, leucite of, 185 

Azores, trachyte in the lavas of the, 190 



"DADEN, pyrochlore of, 45 
-^ — perofskite of, 45 
Ballybrack, near Dublin, granite of, 206 
Baltic, amber on the coast of the, 76 
Bannat, apophyllite of the, 30 

— coal of the, 334 

B^renburg, in the Erzgebirge, granite- 
porphyry of, 213 

Barnstaple, in Devonshire, wavelliteof,55 

Barre, in Massachusetts, rutile of, 66 

Bartttn clay, 270 

Baste, in the Hartz Moontains, scbil- 
ler-spar of, 19 

— schiller-rock of the, 316 
Bath, stone of, 280 
Bavaria, apatite of, 53 

— cordierite of, 44 

— columbite of, 46 

— flint in the Upper White Jurassic 
of, 6 

— glauberite of, 49 

— graphite of, 336 

— kinzigite of, 320 

— nodular limestone of, 280 

— opal of, 349 

— ottrelite-schist of, 256 

— siliceous spherosiderite of the Alps 
of, 346 

— slaty limestone of, 281 

— vivianite of, .54 

Baveno, common felspar of, 10 
Bareno, in the Alps, granite of, 206 
Belfaly, in the Vosges, aphanite of, 160 
Bell, near Andernach, leucite rock of, 143 
Bellmansloos, near Tharand, felstone of, 

222 
Belmsdorf, in Oberlausitz, aphanite of, 

161 

— diorite of, 155 
Berchtesgaden, in Bavaria, glanbersalt 

of, 51 

— glauberite of, 49 

Beregheacz, in Hungary, alum-stone of, 
309 

— trachyte-porphyry of, 195 
Beresowsk, in the Ural, beresite of, 207 

— talc-schist of, 252 
Berggieshiibel, in Saxony, magnetic 

ironstone of, 345 
Berlin, glauconite of, 27 
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BER 

Berneck, in the Fichtelgebirge, diabase 

of, 147 
-— mica-schist near, 244 

— gneiss near, 239 

Bex, in Switzerland, gypsnm of, 293 
Bilin, in Bohemia, aragonite of, 58 

— opal found in the tripoli of, 8 

— rock-soap of, 355 

— semi-opal of, 349 

Binnen Thai, in the Alps, dolomite of 

the, 289 
Birkenhoff, red melaphyre of, 166 
Black Forest, kinzlgite of the, 320 
Blanc, Mont, gneiss of, 239 
Blattendorf, in Bohemia, phonolite of, 

200 
Bleiber^, in Carinthia, galena of, 70 

— sniithsonite of, 34 
Blumau, porphyry of, 218 

Bocche, Monte, in Tyrol, porphyry of, 

218 
Bodenmais, beryl of, 39 

— colnmbite of, 46 

— cordierite of, 44 

— kinzigite of, 320 

— vivianite of, 54 
Bognor, clay of, 270 
Bohemia, alum of, 50 

— amber of, 76 
-— apatite of, 53 

— aragonite of, 58 

— basalt of, 141, 142 

— bituminous substances of, 77 

— colourless hyalite of, 8 

— egeran of, 318 

— epsomite of, 50 

— felspar of, 10 

— glanbersalt of, 51 

— gneiss of, 238, 239 

— granite of, 202 

— granulite of, 231 

— granulite-gnei8s of, 238, 239 

— marcasite of, 73, 357 

— marl of, 273 

— mellite of, 77 

— mica-schist of, 242 

— natrolite of, 32 

— phonolite of, 187 

— phonolites of, 198, 200 

— polianite of, 65 

— polishing slate of, 350 

— pyrope of, 41 

— rock-soap of, 355 

— sandstone of, 299 

— tbomsonite of, 31 

— titanite of, 47 



CAN 

Bohexn'iA—conHnued 

— wavellite of, 55 
Bobmisch-Wiesenihal, leucite rock of, 

148 
Bbhringen, in Saxony, gabbro of, 151 

— serpentine of, 317 
Bologna, barytes near, 48 
Bonbomme, Col du, albite of, 11 
Bonn, alunogen of, 50 

— bituminous substances of, 77 

— trachyte of, 184, 190 
Borghetto, leucite of, 186 
Borrowdale, in Cumberland, graphite of, 

75, 336 
Borsabdnya, in Hungary, timazite of, 1 56 
Boston, in ^lassachusetts, potstone of, 

251 
Botallock, in Cornwall, azinite of, 44 
Botzen, in the Tyrol, laumontite of, 32 

— porphyry of, 218 

Boxdorf, near Moritzburg, granite-gneiss 
of, 238 

Brambach, in the Yoigtland, granite- 
gneiss of, 238 

Brandau, in the Erzgebirge, anthracite 
of, 336 

Brandholz, in the Fichtelgebirge, mica- 
schist near, 244 

Brava, Island of, uosean of, 15 

Brazil, Carveira of, 234 

— itabirite of, 343 

— itacolnmite of, 248 

— moorshead rock of, 343 
Brest, kersanton of, 175 

Brevig, in Norway, pyrochlore of, 45 

— wohlerite of, 46 

— zircon- syenite of, 181 
Briesgau, jasper of, 6 

— granular limestone of, 278 
Britain, felstone of, 222 
Brittany, kersanton of, 175 

— staurotide of, 36 

Biixen, in the Tyrol, granitite of, 207 
Bronzell, in Tyrol, porphyry of, 218 
Buchenberg, in the Hartz, wernerite 
rock of, 222 



pAEN, stone of, 280 
^ Calabria, nitre of, 55 
Calais, glauconite of, 27 
California, borax of, 53 

— naphtha of, 77 

Canada, chloritoid schist in, 251 

— naphtha of, 77 

— serpentine rocks of, 317 
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CAN 

Cantal, in France, schistous trachyte of, 

184 
Capo Loneo, south of St. Gotthard, 

toarmaline of, 37 
Caradoc, sandstone of, 301 
Carintbia, galena of, 70 

— smithsonite of, 34 

Carlsbad, in Bohemia, aragonite of, 58 

— common felspar of, 10 

— fibrous limestone of, 281 

— glaubersalt of, 51 

— granite of, 205 

— marcasite of, 73 

— orthoelase of, 354 

— peastone of, 280 
Carolina, itacolumite of, 249 

— catawbirite of, 345 

Carpathian Mountains, chlorite-schist of 
the, 250 

— limestone of the, 284 

— sandstone of the, 299 

— shale of the, 267 

Carrara, common quartz in the marble 

of, 6 
Castelruth, porphyry of, 218 
Castleton, in Derbyshire, elaterite of, 77 
Catini, Monte, in Tuscany, trachyte of, 

184 
Caucasus, andesite of the, 192 
~ trachyte of the, 186 
Cavalessi, in Southern Tyrol, porphyritic 

rocks of, 170 
Cevennes, fraidonite of the, 175 
Ceylon, nitre of, 55 

— oligociase-gneiss of, 239 

— precious corundum of, 8 

— spinel of, 61 

Chaux, near Frejus, blue porphyry of, 1 7 1 
Cheltenham, pea-grit of, 280 
Chemnitz, in Saxony, chlorite-schist 
near, 250 

— porphyry near, 217 

— porphyry-tuff of, 309 

Chessy, near Lyons, malachite of, 60 
Chiayenna, potstone of, 251 
Chili, nitratine of, 55 
Chimborazo, andesite of, 192 

— trachyte of, 186 
China, agalmatolite of, 354 

— precious corundum of, 8 

Cilli, in Styria, fullers' earth of, 356 
Cimini Mountains, trachyte of the, 184 
Clermont, trachyte near, 186 
Colima, Mount, in Mexico, trachyte of, 

186 
Commern, in the Eifel, galena of, 70 



DIP 

Coropain, Pas de, in France, Bchbtoos 

trachyte of, 184 
Connecticut, chabasite of, 31 

— columbite of, 46 

Corbitz, near Meissen, pitchstone of, 224 
Cornwall,, axinite of, 44 

— common felspar of, 10 

— common quartz of, 5 

— greisen of, 321 

— kaolin of, 13 

— malachite of, 60 

— marcasite of, 73 

— quartz-porphyry of, 219 

— saponite of, 26 

— - titaniferous iron of, 64 

— topaz of, 36 

— tourmaline of, 38 

— vivianite of, 54 
Corsica, anorthite, of, 12 

— diorite of, 165 

— porphyry of, 218 
Cotopaxi, andesite of, 192 

— trachyte of, 186 
Criffel, iircon of, 41 
Crimea, meerschaum of, 354 
Croatia, sulphur of, 358 

Csetatye, in Transylvania, porphyry of 

219 
Cumbal Ruca Pichincha. in Soatb 

America, trachyte of, 186 
Cumberland, chiastolite-sdiist of, 257 

— galena of, 70 

— graphite of. 75, 336 

— limestone of, 285 

Cyclopean Islands, near Sicily, analcime 
of the, 30 



TiANEMORA, in Sweden, magnetic 
•^ ironstone of, 61, 345 
Danube, gneiss on the, 239 

— granite on the, 207 
Dead Sea, asphalte of the, 77 

— bitumen of the, 337 
Derbyshire, dolomite of, 290 

— elaterite of, 77 

— galena of, 70 

— smithsonite of, 34 

Desert, jasper in the sand of the, 6 
Devonshire, andalusite of, 35 

— wavellite of, 55 

Dillu, near Schenmitz, agalmatolite of, 

354 
Dippoldiswalde, in Saxony, felstone of, 

222 

— gneiss of, 239 
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DIP 

iliswalde— oonftfMMd 

lette of, 174 

in Transylvania, syenite of, 179 

ilerite of, 46 

08, in Transylvania, pyrites of, 358 

4ont, augite of, 185 

Monts, in Vdlay, trachyte of, 184 

heim, in the Odenwald, granite 

107 

tnfels, sanidine of the, 10 

:hyie of the, 184, 185, 190 

n, alunoeen of, 50 

iss near, 238 

nblende-porphyrite of, 171, 172 

montite, 32 

;oclase of, 1 1 

lite of, 43 

iiite near, 176, 178, 179 

leim, in Norway, potstone of, 251 

ithal, in the Thuringian Forest, 

lite-porphyry of, 207 

, freestone of, 298 

nite near, 206 

irtonshire, analcime of, 30 

hnite of, 31 

msonite of, 31 

montite of, 32 

sandstones, 300 

len sandstones, 300 

ce, variolitic aphanites of the, 159 

m, dolomite of, 290 



RSDORF, in Saxony, coal of, 
(33 

in Bavaria, ottrelite-schist of, 256 
ille, in New York, rutile of, 66 
argh, porphyry near, 170 
.tock, in the Erzgebirge, granite 
206 

3a-scbist of, 244 
lorlaceoas schist of, 323 
galena of the, 70 
chyte of the, 191 
in Bohemiii, egeran of, 318 
mite of, 205 

inulite-gneiss of, 238, 239 
eiss ( f, 239 
ca- schist of, 243 
, chrysolite of, 38 
tron of, 59 

mmulitic limestone of, 283 
Island of, epidosite of, 355 
vrjte ( f, 37, 356 
scular iron of. 343 
rerode, in theHarta, graphite of, 75 
nadorite-porphyry of, 160 



FAR 

Elfdalen, in Sweden, chrysolite of, 39 

— hypersthenite of, 152 

— porphyrite of, 170 

Elgersburg, in Thuringia, brannite of, 

64 
Ellenbogen, granite of, 205 
Engadine, serpentine of the, 317 
England, dolomite of, 289, 290 

— flint in the chalk of, 6 

— gypsum of, 293 

— limestone of, 278 

— marl of, 273 

— Portland stone and oolite of, 284 

— sandstones of, 298, 299 

— upper and lower chalk of, 283 

— Wenloc'k shale of, 268 

— clays of, 270 
Epsom, epsomite of, 51 
Eribachgrund, in Saxony, dichroite rock 

of the, 320 
Erbendorf, porphyry near, 218 
Erzgebirge, actinolite-schist of the, 254 

— corundum of the, 351 

— gneiss of the, 233. 234, 236, 239 

— granite of the, 206 

— granite-porphyry of the, 213 

— greisen of the, 32 1 

— mica-schist of the. 243, 244 

— mica-trap rocks of the. 173 

— nodular or spotted schist of the, 257 

— phonolite-tufa of the, 309 

— porphyry of the, 217, 218 

— protogine of the, 206 

— quartz-breccia of the, 305 

— serpentine of the, 31 7 

— Ulc-schist of, 252 

Essex, amber on the coast of, 76 
Euganean Hills, Lombardy, trachyte of, 
184 

— trachyte-porphyry of the, 195 
Europe, lower chalk of, 283 

— nummulitic limestone of the South 
of, 282 

Evigtok, in Greenland, cryolite of, 353 



'DAHLUN, in Sweden, automolite of, 61 
-■- — gadolinite of, 43 

— niica-schist of, 242 

— pyrites of, 358 

Fahrnleiten, in the Fichtelgebirge, gra- 

nulite- gneiss of, 239 
Faroe, apophyllite of, 30 

— chabasite of, 31 

— henlandite of, 33 

— lanmontite of, 32 

— stilbite of, 33 
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Fassa Thai, apophyllite of, 30 

— aupite-porphyry of, 160 

— chabasite of. 31 

— henlandite of, 33 

— idocrase of, 41 

— melaphyre of, 163 

— prehnite of, 31 

— stilbite of, 33 

Fetlar, Island of, chromic iron .ore of, 62 
Fezzan, in North Africa, trona of, 352 
Fichtelgebirge, aphanite of the, 159 

— cbiastoltte-Bchist of the, 257 

— chlorite-schist of the, 250 

— diabase of the, 147-149 

— ekiogites of the, 318 

— gneiss of the, 239 

— granite of the, 202, 205, 207 

— granulite-gneiss of the, 239 

— graphite of the, 75 

— hornblende-schist of, 253, 254 

— mica-Rchist of the, 242, 243, 244 

— porphyry of, 170 

— serj)entine of the, 315, 317 

— talc, or steatite of the, 354 

— zoisite of the, 42 
Fichtenmahle, near Meissen, pitchstone 

of, 224 
Figzan, North Africa, trona of, 59 
Finland, rappakavi (granite) of, 205 
— - tantalite of, 46 
Floha, in Saxony, porphyry-breccia of, 

310 
Forfarshire, flagstones of, 300 

— phonolite of, 201 

Foya Mountain, in Portugal, foyaite of, 

181 
Framont, in the Vosges Mountains, mi- 

nette of, 173 
France, bituminous substances of, 77 

— blue porphyry of, 171 

— boracite of, 52 

— calcaire grossier of, 282 

— flint in the chalk of, 6 

— fluor spar of, 69 

— granite of, 206 

— kersanton of, 175 

— malachite of, 60 

— menilite of, 278 

— polianite of, 65 

— schistous trachyte of, 184 

— siliceous concretions of, 279 

— trachyte of, 186 

Franconia, in New Hampshire, mispickel 

of, 74 
Frankenberg, in the Erzgebirge, granite- 

porphyry near, 213 



6IA 

Franklin, in New Jersej, firankBnite of, 

357 
Franzen«bad, in Bohemia, polishing slate 

of, 350 
Frauenstein, granite-porphyry of, 214 
Freiberg, epsomite of, 51 

— galena of, 70 

— gneiss of, 235, 238 

— granite-porphyry near, 213 

— granular- gneiss of, 239 

— mispickel of, 74 

— porphyry of, 217, 218 

— quartz-schist of, 247 

— serpentine near, 317 

— wavellite near, 55 

Fried richsroda, in the Thuringian Forest, 

porphyry of, 217 
FreienhSuschen, in the Eifel, trachyte 

of, 191 
Frejns, blue porphyry of. 171 
Fiinfkirchen, coal 'of, 334 



GADERNHEIM. in the Odenwald, 
kinzigite of, 320 
Gamsigrad, in Servia, timazite of, 156 
Gastein.in the Alps, gneiss of, 239 

— titaniferous iron of. 63 

Gata, Cabo de, in Spain, kinzigite of. 320 
Gefrees,in the Fichtelgebirge, chiastolite- 

schist of, 257 
. — gneiss of. 239 

— mica-schist near, 243 
Germany, alunogen of, 50 

— amber of, 76 

— bituminous marl of, 273 
shales of, 77, 338 

— browncoal clay of, 269 

— clay-slate of, 264 

— compact marl of, 272 

— conglomerate of, 303, 304 

— - disilicate of protoxide of iron of, 346 

— dolomite of, 289, 290 

— gypsum of, 293 

— homfels of, 350 

— jasper of, 6 

— limestones of, 285 

— peat of, 328 

— porphyrites of, 169 

— sandstone of, 299, 300 

— septarian clay of, 270 

Geysers, Iceland, soluble quartz in the, 5 
Giant's Causeway, Ireland, analcime of 
the. 30 

— basalt of the, 142 

— chabasite of the, 31 
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GLA 

GlasfTow, coal of, 332 

Gleichenberp, in Styria, trachyte of, 190 

Gloucestershire, Newent sandstone of, 
300 

Goldberg, in the Fichtclgebirge, gneiss 
of, 239 

Goldmiihl, in the Fichtelgebirge, mica- 
schist near, 244 

Gbpfers-Griin, in the Fichtelgebirge, talc 
of, 354 

Gor^elea, in Hungary, red hematite of, 
343 

Goslar, in the Hartz, pyrites of, 358 

Gotha, lias sandstone of, 299 

Goavemeur, in North America, apatite 
of, 53 

Greenland, columbite of, 46 

— cryolite of, 69, 353 

— prapliJte of, 75 

— on hit e of, 43 

— titanite of, 47 

Greifenstein, in Saxony, topaz of, 35 
Grossenhain, granite-gneiss of, 238 
Grosswaltersdorf, near Freiberg, grann- 

lite-gneiss of, 239 
Gaipuscoa, in Spain, glanbersalt of, 51 
GUmbel, in Bavaria, ottrelite-schist of, 

256 
Gumuehdagh, in Asia Minor, cornndam 

of, 351 



HAIDA, in Bohemia, phonolite near, 
200 

Hainersreuth, in the Fichtelgebirge, 
porphyry of, 1 70 

Hninichen, in Saxony, coal of, 333, 
334 

Hammond, zircon of, 41 

Hampshire, clay of, 270 

Hampshire, New, mispickel of, 74 

Hanaa on the Maine, semi-opal of, 349 

Handerloo, near Schemnitz, granitic tra- 
chyte of, 184 

Hanover, boracite of, 52 

Hanover, in North America, hornblende- 
schist of, 254 

Haring, in the Tyrol, eocene coals of, 
330 

Harthan, near Chemnitz, chlorite-schist 
of, 250 

Hartz Monntain?, day-slate of the, 266 

— conglomerate of the, 304 

— diabase of the, 149 

— fluor-spar of the, 351 
— - galena of the, 70 



HUN 

Hartz Mountains — continued 

— granitite of the Brocken of the, 
207 

— graphite of the, 75 

— hausmannite of the, 64 

— labradorite, porphyry of the, 160 

— melaphyre of the, 163, 166 

— manganite of the, 66 

— melaphyre of the, 1 63 

— porphyrite of the, 170 

— pyrites of the, 358 

— schiller-rock of the Baste in the, 
316 

— schiller-spar of the, 19 

— wernerite rock of the, 222 
Haslau, near Eger, egeran of, 318 
Hastings, sand of, 299 
Heidelberg, granite near, 207 

— ^ granular limestone near, 278 
Heroes, in the Thuriugian Forest, apha- 

niteof, 159 
Hermsdorf, in the Erzgebirge, porphyry 

of, 218 
Herren-Grnnd, in Hungary, gypsum of, 

293 
Hermhut, in Saxony, granulite of, 231 
Hessen, browncoal of, 330 

— dolerite of, 135 

— trachyte of, 190 
Hinterbruhl, talc-schist of, 252 
Hitterog, in Norway, orthite of, 43 

— gadolinite of, 43 

Hliniker Valley, in Hungary, millstone- 
porphyry of, 184 

— trachyte-porphyry of, 195 
Hoboken, New Jersey, chromic iron-ore 

of, 62 
Hochberg, near Eger, granulite-gneiss 

of, 239 
Hoch-Eppen, porphyry of, 218 
Hof, in the Fichtelgebirge, hornblende- 
schist of, 254 

— mica-schist near, 243 

Hofles, near Eiger, granite-gneisa of, 
238 

Hogan, phonolite-tufa of, 309 

Hohenelbe, porphyrite near, 170 

HoUenmiihle, in Saxony, hypersthenite 
of, 152 

Holstein, boracite of, 52 

Huhnberge, in the Thuringian Forest, 
diorite of, 155 

Hiihnerhof, in the Fichtelgebirge, mica- 
schist near, 243 

Hungary, alunite of, 52, 309 

— antimony-glance of, 357 
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Uangary — continued 

— basalt of, 187 

— carbonate of manganese of, 354 

— coal of, 334 

— pypsum of, 293 

— millstone-porphyry of, 184 

— perliie of, 184 

— natron of, 59 

— nitre of, 56 

— oligocli^e of, 1 1 

— opal of, 8, 309 

— perliteof, 196 

— pyrites of, 358 

— red hematite of, 343 

— rhodonite of, 356 

— talcschist of. 252 

— timazites of, 161 

— trachyte of, 184, 187, 191 

— trachyte-porphyry of, 184, 185, 195 
Hatberg, near Dresden, hornblende-por- 

phyrite of, 172 



ICELAND, apophyllite of, 30 
— henlandite of, 33 

— obsidian and pumice-stone of, 197 

— stilbite of, 33 

— siliceous tuff of, 349 

— soluble quartz in the geysers of, 5 

— trachyte of, 184 

— trachyte-porphyry of, 195 
Idria, epsomite of, 51 

Ihlefeld, in the Hartz, hausmannite of, 
64 

— manganite of, 66 

Ilfeld, manganese-ores of, 357 

— melaphyre of, 1 65 

— porphyrite of, 170 

Ilmenau, in Thuringia, braunite near, 
64 

— coal of, 333 

— common felspar of, 10 

— hausmannite of, 64 

— manganese-ores of, 357 

— manganite of, 66 

— melaphyre near, 1 64 

— porphyry near, 219 

limensee, near Miask, titaniferons iron 

of, 63 
Indies, East, hislopite of the, 278 

— laterite of the, 312 

— nitre of the, 55 

— nummnlitic limestone of the, 283 
Ireland, analcime of, 30 

— chabasite of, 31 

— cupriferous sandstone of, 300 



KAP 

Ireland — continued 

— felspar of, 10 

— freestone of, 298 

— fyalite of, 38 

— garnet of, 40 

— granite of, 206 

— granular limestone of, 278 

— lime«tone of, 278 

— phillipsite of, 32 

Ischia, trachytic rocks of, 185 
Iserlohn, galmey of, 356 
Istria, sandstone of, 299 
lubira. in Brazil, itabtrit« of, 343 

— moorshead rock of, 343 
Itacolomi Mountain, near Villa Bica, 

itacolumite of, 248 
Italy, alum-stone of, 52, 309 

— barytes of, 48 

— gabbroof, 151 

— gypsum of, 293 

— marl of, 273 

— mellilite of, 42 

— nitre of, 55 

— sandstone of, 299 

— trachyte of, 190 

— travertine of, 282 



JAEUBEN, in Bohemia, phonolite of, 
200 
Jena, celestine of, 48 
Jersey, New, franklinite of, 357 

— vivianite of, 54 

— zircon of, 41 
Johanngeorgenstadt,in Saxony, polianite 

of, 65 



17' AISEBSTUHL, in Brisgan, granulir 
■"■ limestone of, 278 
Eaiserstuhl, in Baden, pyrochlore of, 
45 

— perofskite at, 45 
Eaiserstuhl, sodalite of, 14 

— trachyte of, 190 
Eammerbiihl, in Bohemia, basalt of, 

141 
Eamtschatka, siliceous tuff of, 349 

— trachydolerite of, 192 

Eandem, on the Schwarzwald, disilicate 
of protoxide of iron of, 346 

Eansas, nacritideof, 244 

Eapnik, in Hungary, carbonite of man- 
ganese of, 354 

Eappellenberg, trachyte of, 190 
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Easbegk, in the Gaacasns, trachyte of, 

188 
Ea^cliaa, in Hungary, opal of, 309 
Katherinenbarg, chrysolite of, 39 
Kntzhiitte, in the Thuringian Forest, 

oiUtone of, 265 
Kemnath, porphyry near, 218 
Kerbersdorf, near Eger, granite of, 205 
Killan, in Ireland, garnet of, 40 
Kitliney Bay, spodnmene of, 22 
Kilniacolm, in Renfrewshire, natrolite of, 

32 
Kilputrick Hills, scolecite of the, 33 
Kil Patrick, in Dumbartonshire, thorn- 
son ite of, 31 
•Kinzig, in the Black Forest, kinzigite 

..f, 320 
Kirki^udbright, zircon of, 41 
Kieinlinden, manganese-ores of, 357 
Klobenstein, in Saxony, garnet rock of 

the, 319 
Klumpsen Mountain, in Oberlausitz, 

diorite of the, 155 
K«»ngbberg, in Norway, analcime of, 30 

— axinite of, 44 

— mispickei of, 74 

Korbach, in the Fichtelgebirge, mica- 
schist near, 243 

Korgon, in the Altai Mountains, porphy- 
rite of, 170 

Eozelniker Valley, near Schemnitz, tra- 
chyte of the, 186 

Kragerbe, in Norway, phosphorite of, 
353 

Kremnitz, in Hnneary, trachyte of, 184 

Kriebatein, dichroite rock near, 320 

Kronberg, near Erbendorf, porphyry of, 
218 

Krummau, in Bohemia, granulite of, 
231 

EUiilsbrnnnen, in the Siebengebirge, tra- 
chyte of, 191 

Kusstein, in Tyrol, ostraea limestone of 
the, 283 



LAACHERSEE, titanite of, 47 
Lagoda Lake, wemerite of the, 222 
Lalin, melaphyre of, 166 
Landsliut, in Silesia, melaphyre of, 166 
Langenstriegis, near Freiberg, wavellite 

of, 55 
Lauenstein, in the Erzgebirge, gneiss of, 

239 
Lanrvig, in Norway, zircon-syenite of, 

181 



LTO 

Lauterbach, near Morienberg, granulite- 
gneiss of, 239 

Lehnau, near Kemnath, porphyry of, 
218 

Lehsten, in the Thuringian Forest, roof- 
ing slate of, 264 

Leitha Mountains, conglomerate of the, 
303 

— limestone of the, 282 
Lemberg, amber of, 76 
Lengefeld, gneiHS of, 238 
Lenne-Gebiet, in Westphalia, porphyrite 

of, 170 
Leschtina, Bohemia, basalt of, 141 
Leukersdorf, in Saxony, porphyry of, 

217 
Lherz, Lake, in the Pyrenees, angite 

rock of the, 149 
Liebenstein, in the Thuringian Forest, 

granite- porphyry of, 213 
Limbges, kaolin of, 13 
Linares, galena of, 70 
Liorant, in Cantal, trachyte of, 186 
Lipari Islands, perlite of the, 184, 

196 

— obsidian and pumice-stone of the, 
197 

Lippersdorf. gneiss of, 238 

Liscanera, Island of, trachydolerite of, 

192 
Littnitz, in Bohemia, marcasite of, 357 
Lizard's Point, Cornwall, saponite of, 

26 
Llandeilo, flags of, 301 
Llandovery, sandstone of, 301 
Lobau, in Saxony, apatite of, 53 
Lobejiin, coal of, 333 
Lochwinnock, in Renfrewshire, thom- 

sonite of, 31 
Lombardy, trachyte of, 184 

— trachyte-porphyry of, 195 
London, clay of, 270 
Lowenherg, melaphyre of, 166 

L8 wen burg, in the Siebengebirge, trachy- 
dolerite of the rock of the, 192 

Lozere, fraidonite of the, 175 

Ludwigstadt, in the Thuringian Forest, 
carbonaceous schist of, 258 

Ludlow, sandstone of, 301 

Lugano, porphyrite near, 170 

Ltineburg, Hanover, boracite of, 52 

Luneville, in France, boracite of, 52 

Luschitz, in Bohemia, mellite of, 77 

Luxembourg, ottrelite of, 27 

Lyons, granite near, 206 

— malachite near, 6U 
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MAGDEBURG, boracite of, 52 
— rock-salt near, 352 
^afrarka, in Hungary, antitnooj-glance 

of, 357 
Manebach, in the Thnringian Forest, 

porphyry of, 218, 219 
Maracaibo, in Peru, trona of, 59 
Marebach, aphanite of, 159 
Margola, rock of the summit of the, 164 
Marianna, in Brazil, moorsbead rock of, 

343 
Marienbnrg, in Bohemia, grannlite- 

gneiss of, 239 

— phonolite cf, 200 

Marienberg, in Saxony, porphyrite- 

wacke of, 171 
Markersdorff, in Bohemia, bitummoos 

substances of, 77 
Marmaros, in Hungary, red hematite of, 

343 
Massachusetts, chabasite of, 31 

— columbite of, 46 

— ratile of, 66 

— titanite of, 47 

Matlock, in Derbyshire, smithsonite of, 

34 
Mautem, near Molk, granulite-gneiss of, 

239 
Mayence basin. limestone of the, 282 

— marl of the, 273 

— sandstone of the, 299 

MeiTtren, in the Sennethal, barytes of, 

352 
Meissen, in Saxony, granite of, 207 

— granular limestone near, 278 

— honiblende-schist near, 253 

— mica-porphyrit<» of, 173 

— pitchstone of, 225 

— quartz-porphyry of, 217 
Melti, haiiynophyry of, 141 

— leucite of, 186 

Menaccan, in Cornwall, titaniferons iron 

of, 64 
Mendip Hills, smithsonite of, 34 
Menil Montant, Paris, menilite found at, 

8 
Meronitz, in Bavaria, opal of, 349 
Meissner, in Hesse, browiicoal of, 330 
Messner Mountain, in Hessen, dolerite 

of, 135 
Mexico, obsidian and pumice-stone of, 

197 

— perlite of, 196 

— trachyte of, 186 
Miask, pyrochlore of, 45 

— titaniferons iron near, 63 



Miesbmcb, Molasse ooul of, 330 

Mileschauer, in Bohemia, phonolite of, 
200 

Milo Isles, alnnogen of, 50 

Milsburg, on the Rhon Mountain, pho- 
nolite of, 200 

Miltitz, near Meissen, granular limestone 
of, 278 

— hornblende-schist of, 253 
Mittelgebirge, in Bohemia, basalt of the, 

142 

— phonolite of the, 187, 200 

— titanite of the, 47 

Mittweida, in Saxony, grannlite of, 231, 

232 
Mohorn,,near Freiberg, pitchstone-por- 

phyry of, 225 

— porphyry of, 217 

Molina, in Aragon, aragomte of, 58 
Molk, granulite-gneiss near, 239 
Mondhalde, at the Kaiserstnhl, trachyte 

of, 190 
Monfina, Roeca, leucite of, 186 

— trachyte doierite of, 192 
Montabaur, in Nassau, trachyte of, 186 
Montdore, Auvergne, alunite of, 52 
Monte Rosa, granite of, 207 
Montmnrtre, Paris, slliceoas concretions 

of, 279 
Monzoni, pleonaste of, 61 
Moravia, lepidolite of, 355 
Moritzburg, in Saxony, granite ci, 207 

— granite-gneiss near, 238 
Morocco, nummulitic limestone of, 283 
Moume Blountains, Ireland, beryl of, 39 

— common felspar of, 10 

— fayalite of, 38 

— topaz of, 35 

Miihihausen, in Thuringia, peat-beds of, 

328 
Mulatto, porphyritic rocks of, 170 
Munchberg, in the Fichtelgebirge, eklo- 

gitesof the, 318, 319 

— granulite-gneiss near, 239 

— hornblende-schist of, 253 
Mursiusk, in Siberia, topaz of, 35 
Mussa Alp, Piedmont, idocrase of, 41 
Muzay, Hungary, alunite of, 52 
Muzo, in Columbia, beryl of, 39 



NAGYAG, in Transylvania, trachyte 
of, 186 



Nassau, palagonite of, 19 

— schalstein of, 310, 311 

— trachyte of, 186 



INDEX OF LOCALITIES. 



407 



NAT 

Katolia, meerschaum of, 354 
Naxos, corandum of, 351 

— emery of, 8 

Kegroponte, meerschaum of, 354 
Neurode, in Silesia, bjperstbenite of, 

152 

— troutstone of, 316 

Neusohl, trachyte-porphyiy of the 

Schloiisberg ot, 195 
Newcastle, coal of, 332 
Niedermendi^, on the Bhiue, basaltic 

lava of, 141 

— corundum of, 8 

— haiiyne of, 15 

Niederscbona, near Freiberg, granite- 

porpbyry of, 213 
Nile, jasper in the sand of the, 6 
Nischne-Tagilk, in the Ural, dolomite 

of, 289 
Norway, axinite of, 44 

— gadoiinite of, 43 

— magnetic irontitone of, 345 

— mispickel of, 74 

— norite of, 166 

— ortbite of, 43 

— pbosphurite of, 353 

— porphyrite of, 1 70 

— potstone of, 251 

— pyrocblOTe of, 45 

— woblerite of, 46 

— zircon of, 41 

— zircon-syenite of, 181 
Nossen, scbalstein near, 311 
Nnovo, Monte, leucite of, 185 

— trachyte of, 190 



OBERHASLI, in the Alps, gi^iss of, 
239 
Oberhobndorf, coals of, 333 
Oberlausitz, in Bohemia, aphanite of, 
161 

— diorite of, 155 

— phonolite of, 200 

Oberpfalz of Bavaria, apatite of the, 53 
Ober-Pobel, near Al ten berg, greisen of, 

321 
Oberstein, harmotome of, 32 

— characteristics of amygdaloid of, 166 

— melapliyre near, 164 
Oberweibsentbal, in the Erzgebirge, 

actinolite-schist of, 254 
Ocbsenkopf, in the Erzgebirge, corun- 
dum of, 351 

— granite of, 205 

— talc-schist of, 252 



PSB 

Odenwald, granite of, 207 

— kinzigite of the, 320 

— porphyry of the, 217 
Oederan, in Saxony, minette of, 174 

— porphyry of, 218 

Oebreubtock, near Ilmenau, brannite of, 
64 

— manganite of, 66 

Ofen, in Hungary, perlite of, 184 
Oisans, St. Gutthard, axinite of, 44 
Ohbano, Monte, near Pozznoli, trachyte 

of, 190 
Orizaba, Mount, in Mexico, trachj^te of, 

186 
Oscbatz, bituminous shale of, 338 
Osnabruck, anthracite of, 336 



pALAGONIA, in Sicily, tu& of, 308 
-^ Pargas, apatite of, 53 

— crystals of hornblende and pyroxene 
disseminated in limestone rocks in 
the, 21 

Paria, in Italy, gypsum of, 293 
Paris, glauconite of, 27 

— gypsum of, 293 

— meniiite, 8,279,349 

— millstones of the Paris basin, 350 
Paris basin, calcaire grossier of the, 

282 

— plastic clay of the, 270 

Partenkircben, in Bavaria, nodular lime- 
stone of, 280 

Passau, on the Danube, gneiss of, 
239 

— granite of, 207 

— graphite of, 336 

— kaolin of, 14 

Pasto, volcano of, alunogen of, 50 

— trachyte of, 186 

Paterno, Monte, near bologna, barytes 

of, 48 
Pausilippo tufa, 309 
Pelegrin, in Tyrol, porphyry of, 218 
Pennig, in Saxony, granulite of, 231 

— hypersthene of, 19 
Pennsylvania, naphtha of, 77 
Pentland Hills, near Edinburgh, por- 
phyry of the, 1 70 

Perlenhardt, in the Siebengeblrge, tra- 
chyte of, 185 
Persia, naphtha of, 77 

— nummnlitio limestone of, 283 

— turquoise of, 54 
Peru, glauberite of, 49 

— trona of, 59 
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Peterhead, spodnmene of, 22 
Phelegrai, Campi, trachytic rocks of the, 

185 
Pic Blanc. Monte Rosa chain, granite of 

the, 207 
Picota Mountain, in Portugal, fojaite of, 

181 
Picton-nob, in North America, specular 

iron of, 343 
Piedmont, idocrase of, 41 
Pike's Peak, in Kansas, uacrite of, 

244 
Pinchincha, andesite of, 192 
Planitz, in Saxony, burnt shale of, 339 

— felsite-balls of, 224, 225 
Planschwitz, in Saionj, greenstone-tufa 

of, 310 
Platten, in Bohemia, polianite of, 65 
Plauenschen-Grund, near Dresden, hom- 

blende-porphyrite of the, 172 

— syenite of the, 176, 178, 179 
Pbmbi^res, apophyllite of, 30 

— fluor-spar of, 69 

Polwand, near Saalfeld, nodular lime- 
stone of, 281 

Pontellaria, fibrous trachyte of the, 
184 

Pont Jean, in the Vosges Mountains, 
diorite of, 156 

Ponza Islands, trachyte-porphyry of the, 
184, 195 

Popayan, trachyte near, 186 

Popocatapetl, Mount, trachyte of, 186 

Poppenrent, near Miinchberg, granulite- 
gneiss of, 239 

Potschappel, near Dresden, homblende- 
porphyrite of, 171 

Portland, band of, 299 

— stone of, 280, 284 
Portugal, foyaite of, 181 

— itacolumite of, 249 
Pozzuoli, trachyte near, 1 90 
Predazzo, in the Tyrol, chalcopyrite of, 

74 

— granite of, 207 

— lievrite of, 37 

— uralite of, 18 

Prese, La, in Upper Italy, gabbro of, 
151 

Prnssia, Rhenish, zircon of, 41 

Purace, near Popayan, trachyte of, 
186 

Pusu, Island of, in the Ladoga Lake, 
wernerite of, 222 

Puy de Chanmont, near Clermont, tra- 
chyte of, 186 



Puy de Ddme, domite of the, 184, 188 

— oligoclase of, 186 

— trachyte of the, 191 
Pyrenees, augite rock of the, 149 



QUIMPER, in Brittany, kersantoa of, 
175 
Quito, mud-streams of, 307 



RABEN KLIPPEN. in the Hartz, 
melaphyre of, 166 
Rabenau, in Saxony, gneiss of, 239 
Rabertshausen, in Hessen, trachyte of, 

190 
Radeberg, near Dresden, gneiss of, 238 
Radegrube, near Freiberg, gneiss of, 

238 
Radoboj, in Croatia, sulphur of, 358 
Raibl, in Carinthia, smithsonite of, 34 
Rathlin, Island of. in Ireland, granular 

limestone of, 278 
Raubschlosschen, near Weinheim, por- 
phyry of, 219 
^dwitz, in the Fichtelgebirge, gneiss of, 
238 

— granite near, 205 

Repenberg, in the Thuringian Forest, 

porphyry of, 217, 218 
Reinheiibaeh, in Voigtland, alum-schist 

of, 257 
Rhine, basaltic lava of the, 141 

— corundum of the, 8 

— > cypris-slate of the, 266 

— haiiyne of the, 15 

— itacolumite of the, 249 

— titanite of the, 47 

Rbon Mountain, phonolite of, 200 
Riccamonfina, in the Albanian Moun- 
tains, leucite rock of, 143 
Richenstein, in Silesia, leucopyrite of, 

73 
Rieden, leucite rock of, 143 
Riesengebirge, granitite of the, 207 

— malakoiite of the, 149 

Rio Tin to, in Spain, pyrites of, 358 
Rocklitz,in the Riesengebirge, malakoiite 

of, 149 
Rome, alunite near, 52 

— mellilite of, 42 

— phillipsite near, 32 

Rosenau, in Hungary, rhodonite of, 

356 
Rosswein, in Saxony, gabbro of, 151 

— granulite of, 231 
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ROT 

Rottieberode, in the Hartz, floor-spar of, 

351 
Kovigo, near Lagano, porphyrite of, 170 
Rozena, in Moravia, lepidolite of, 355 
Rumburg, in Bohemia, granite of, 202, 

207 
Rn&jia, black earth of Sonthem, 340 

— cnpriferons sandstone of, 300 

— gypsum of, 293 
— 'malachite of, 354 

— Bteppe-limestone of, 282 ' 

— volborthite of, 47 

Ruszkberg, in the Banat, coal of, 334 



SAAFELD, nodular limestone near, 
281 

Saalburg, diabase of, 147 

Saarbrucken, Bohemia, alum of, 50 

Sageritz, near Grosseuhain, granite- 
gneiss of, 238 

Saidscliutz, in Bohemia, epsomite of, 51 

Sainte Marie, in the Vosges, kersanite 
of, 176 

Salzburg, beryl of, 39 

Sau-Alp, in Styria, eklogite of the, 318 

Sautina, diorite of, 155 

Savoy, aphanite of, 159 

Saxony, alunogeu of, 50 

— apatite of, 53 

— basalt of, 140 

— burnt shale of, 339 

— chlorite of, 25 

— coals of, 333 

— conglomerate of, 303 

— cordierite of, 44 

— dichroite-rock of, 320 

— felsite-balls of, 224 

— felstone-of, 222 

— ferreo-liihomarge of, 356 

— gabbro of, 151 

— garnet-rock of, 319 

— gneiss of, 238, 239 

— granite of, 206, 207 

— granular limestone of, 277 

— granulite of, 231 

— green porphyry of, 214 

— greenstone- tufa, 310 

— homblende-porphyrite of, 171, 172 

— hypersthene of, 19 

— hypersthenite of, 152 

— idocrase of, 42 

— kaolin of, 354 

— pycnite of, 354 

— limestone of, 283 

— magnetic ironstone of, 345 



SCH 

Saxony — continued 

— marcasite of, 73 
— 'marl of, 273 

— mica-schist of, 244 

— mica-porphyrite of, 173 

— minette of, 1 74 

— nodular or spotted schist of, 257 

— occurrence of emery in, 8 

— orthite of, 43 

— polianite of, 65 

— porphyrite- wackd of, 171 

— porphyry of, 217 

— porphyry-tuflF of, 309, 310 

— pyrope of, 4 1 

— quartz- porphyry of, 217 

— sandstone of, 299 

— schorlaceous schist of, 323 

— serpentine of, 317 

— syenite of, 176, 178, 179 

— topaz of, 35, 36 
Scandinavia, limestone of, 286 
Schaumberg, tholeite of the, 138 
Schellerhau, in the Erzgebirge, granite- 
porphyry of, 213 

Schemnitz, in Hungary, agalmatolite 
near, 354 

— diorite of, 155 

— granitic trachyte of, 184 

— perlite of, 184, 196 

— timazites of, 1 61 

— trachyte of, 184,186 

— trachyte-porphyry of, 195 
Schivelutsch, in Kamtschatka, tracby- 

dolerite of the, 192 
Schlaggenwald, greisen of the, 321 
Schleusenthal, in the Thuringiau Forest, 

melaphyre of^ 1 64 
Schlossberg, Saxony, basalt of, 140 
Schloitzbachthal, in Saxony, granite of, 

206 
Schmiedefeld, in the Thuringian Forest, 

granite porphyry of, 213 

— magnetic ironstone of, 345 

— melaphyre near, 167 
SchmollniU, in Hungary, pyrites of, 

358 

Schneckenstein, in the Voigtland, topaz 
rock of the, 324 

Schneeberg, in the Erzgebirge, granite 
of, 206 

Schneeberg, in the Fichtelgebirge, gra- 
nulite-gneiss of the, 239 

Schneekopf, in the Thuringian Forest, 
porphyry of, 218 

SchneidemuUersberg, near Ilmenau, me- 
laphyre of, 164 
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Schonfeld, in the Erzgebirge, aDthncito 

of, 336 
Schwarxbach, in the Fichtelgebirge, 

chlorite<«chist of, 250 
Scbwarzenbach, in the Fichtelgebirge, 

mica.8chi8t of, 242 
Schwarzenberg, in Saxony, garaet-rock 

near, 319 
Scbwartzenberg, in the Erzgebirge, 

gneiss of, 233 

— lalc-scliist of, 252 

Schwarzenff Ih, in the Erzgebirge, quartz- 
breccia of, 305 

Schwarzwald, common quartz in the 
sandhtone of, 6 

— disilicate of protoxide of iron of the, 
346 

Scotland, analcime of, 39 

— basalt of, 142 

— cannel or parrot-coal of, 332 

— carboniferous ironstone, or biackband 
of, 346 

— hjpersthenite of, 152 

— laumontite of, 32 

— natrolite of, 32 

— phonolite of, 201 

— porphyry of, 170 

— prehnite of, 31 

— sandstone of, 800 

— thomsonite of, 3 1 

— titanite of, 47 

Seegeberg, in Holstein, boracite of, 52 
Seerenbach, near Tharand, gneiss of, 239 
Seisser Alp, analcime of the, 30 

— melapbyre of, 163 
Servia, timazite of, 156 

Slielburne, in Massachusetts, rutile of, 66 
Shropshire, stiper stones of, 301 
Siberia, epsomite of, 51 

— malachite of, 60 

— topaz of, 35 
Sicily, analcime of, 30 

— gypsum of, 293 

— pulagonite of, 19 

— tufa of, 308, 309 
Siebengebirge,Xracbyteof the, 186, 188, 

191 

— trachydolerite of the, 192 
Siebenhelm, near Freiberg, serpentine of, 

317 

— gabbro of, 151 
Siegburg, dolerite of, 135 
Siegen, polianite of, 65 

Silesia, corundum in the granite of, 8 

— galena of, 70 

— hypersthenite of, 152 



STB 

— lencopyrite of, 73 

— melapbyre of, 164, 166 

— native coke or anthracite o^ 334 
^pebbles of, 103 

— porphyry of, 219 

— smitl^oDite of, 34 

Silthal in Transylvania, coal of, 334 
Skiddaw, in Cumberland, chiastoliye- 

schist of, 257 
Skutsch, in Bohemia, amber of, 76 
Skye, Isle of, henlandite of, 33 

— hypersthene of, 19 

— hypersthenite of, 152 

— Ubradorite of the, 1 1 

Slatonst, in the Ural, perofisktte of, 45 
Solenhofen, in Bavaria, slaty limestODe 

of, 281 
Somma, Monte, anorthite in the lavu 

of, 12 

— leucite rock of, 143, 186 

— meionite o^ 42 
^ — spinel of, 61 

' Sonnenberg, in Bohemia, gneiss of, 238 
Sonnerberg, in the Thoiingian Forest, 

pencil-slate of, 264 
Soos, in Bohemia, polishing slate of^ 350 
Spain, aragonite of, 58 

— cinnabar of, 358 

— galena of, 70 

— glauberite of, 49 

— glaubersalt of, 51 

— itacolumite of. 249 

— kinzigite of, 320 

— nitre of, 55 

— pyrites of, 358 
Specbtshausen, in Saxony, felsite-balis 

of, 224 

— pitchstone-porphyry of, 225 
Staffa, basalt of, 142 

— scolecite of, 33 
Staffordshire, coals of, 332 

— peldon of, 298 

St. Agnes, Cornwall, vivianite of, 54 
Staneen Alf, in Styria, anthracite of, 

336 
Stassfurt, near Magdeburg, boracite of, 

52 
St. Austell, Cornwall, common quartz 

of, 5 
Sleindorf, in the Banat, coal of, 334 
Steingrun, near Eger, gneiss of, 239 
Steinhaide, in the Thuringian Fcnrest, 

sandstone of, 297 
Stemzeiberg, in the Siebengebirge, tra- 
chyte 0^ 186, 188, 191 
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ST. 

St. Gall, pebbles of, 102 
St. Gotthard, axinite of, 44 

— adularia at, 9 

— corundum of, 8 

— fluor-spac of, 69 

— gneii^s of, 239 

— gypsum of, 292, 293 

— paragonite-schist of, 244 

— tourmaline near, 37 

St. Loretta, in the Leitha Mountains, 

conglomerate of, 303 
Stockholm, oligoclase of, 11 
Stolpen, basalt near, 140 
St. Ouen, Paris, siliceous concretions of, 

279 
Strassberg, in the Hartz, fluor-spar of, 

351 
Strassfurt, near Magdeburg, rock-salt 

of, 352 

— boracite of, 353 
Stroinboli, dolerite of, 137 

— trachydolerite of, 192 
Strontian, Argyleshire, titanite of, 47 
St. Stephen's, in Cornwall, kaolin of, 13 
Styria, anthracite of, 336 

— eklogite of, 318 

— fullers' earth of, 356 

— graphite of, 75 

— paragonite of, 58 

— trachyte of, 190 

St. Yrieix, near Limoges, kaolin of, 

13 
Suggsville, in North America, orbitoidal 

limestone of, 283 
Sussex, Weald cUy of, 270 
Swabia, barytes of, 48 

— cele:itine of, 48 

— clays of, 270 

— dolomite of, 289, 290 

— marl of, 273, 274 

— sandstone of, 299 
Swarzeiiberg, Saxony, idocrase of, 42 
Sweden, automolite of, 61 

— eulisite of, 319 

— felsite-schist of, 222 

— heulandite of, 33 

— gadolinite of, 43 

— hypersthenite of, 152 

— idocrase of, 41 

— magnetic ironstone of, 345 

— mica-schist of, 242 

— porphyrite of, 170 

— pyrites of, 358 

— spodumene of, 22 

— stilbite of, 33 

— taiitalite of, 46 



THU 

Sweetwater River, Bocky Mountains, 
trona oi, 59 

Switzerland, common qnartz in the gra- 
nites of, 6 

— glarus-slate of, 266 

— gypsum of, 293 

— sandstone of, 299 

— staurotide of, 36 

Syra, island of, eklogite of the, 318 



TABARZ, in the Tburingian Forest, 

-■■ aphanite of, 159 

Takli. in the East Indies, hislopite of, 
278 

Tannebergstlial, in the Erzgebirge, por- 
phyry of, 217 

Tarapaca, in Pern, glanberite of, 49 

Tarnowitz, in Silesia, galena of, 70 

— galmey of, 356 

— smithsonite of, 34 

Taunns, sericite-schist of the, 256 
Telkebdnya, in Hungary, perlite of, 184 

— perlite of, 196 

Teneriffe, peak of, obsidian and pumice- 
stone of the, 197 

— trachydolerite of, 192 

— trachyte of the, 186, 188 
-— tufa of, 309 

Ternuay, in the Vosges, aphanite of, 

160 
Teschen, variety of diabase of, 148 
Tet»icheo, in Bohemia, phonolite, near, 

200 
Teufelsstein, in Saxony, garnet- rock of 

the, 319 
Tharand, in Saxony, felsite-balls near, 

224 

— felstone near, 222 

— gneiss of, 239 

— granite near, 206 

— marcasite of, 73 

— quartz-p)rphyry of, 217 
Thibet, borax of, 63 

Thuringian Forest, aphanite of the, 159 

— carbonaceous schist of the, 257 

— conglomerate of the, 303, 304 

— diorite of the, 155 

— dolomite of the, 290 

— dolomitic sand of the, 290 

— granite-porphyry of the, 207, 213 

— hausmanuite of the, 64 

— kaolin-sandstone of the, 297 

— magnetic ironstone of the, 345 

— manganite of the, 66 

— marl of the, 274 
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Thnringian Forest — continued 

— meUphyre of the, 163, 164 

— mellite of the, 77 

— miacytan clay of the, 270 

— mica-porphyrite of the, 173 

— oilstone of the, 265 

— peat-beds of the, 328 

— pencil-slate of the, 264 

— porous limestone of the, 281 

— porphyries of the, 217, 218, 219 

— quart z-porphyry of the, 217 

— quartz-porphyries and mica-porphy- 
ries of the, 187 

— roofing-slate of the, 264 

— shale of the, 267 

— white or grey sandstone of the, 300 
Tokay, in Hungary, perlite of, 196 

— trachyte of, 184 

Tolfa, La, Italy, alum-stone of, 309, 
352 

— trachyte of, 184 

— trachytic rocks of, 185 

Toliina, in South America, trachyte of, 

186 
Toluca, Mount, in Mexico, trachyte of, 

186 
Tolz, Molasse coal of, 330 
Totun Fjeld, in Norway, orthite of, 

43 
Transylvania, coal of, 334 

— porphyry of, 219 

— pyrites of, 358 

— sandstone of, 296 

— syenite of, 179 

— trachyte of, 186, 191 

— wohlerite of, 46 

Trebendorf, near Eger, granite of, 205 
Trevalgan, Cornwall, tourmaline of, 38 
Triebisch Thai, near Meissen, pitch- 
stone of the, 225 
Trinidad, asphalte of, 77 

— bitumen of, 337 

Trostburg, in Tyrol, porphyry of, 218^j 
Tuinilla, apatite of, 53 
Tunaberg, in Sweden, eulisite of, 319 
Tunguragua, in South America, tra- 
chyte of, 186 
Turkey, nephrite and jade of, 18 
Tuscany, trachyte of, 184 
Tyrol, amphilogite-schist of the, 244 

— chalcopyrite of the, 74 

— crystals of hornblende and pyroxene 
disseminated in the limestone rocks 
in the, 21 

— eocene coals of the, 330 

— granite of the, 207 



VIT 

Tyrol — coniinued 

— granitite of the, 207 

— hypersthene in the, 19 

— lievrite of the, 37 

— melaphyre of the, 164 

— oligoclase of the, 1 1 

— ostraea limestone of the, 283 

— porphyrites of the, 1 69 

— porphyritic rocks of the, 170 

— porphyritic syenite of the, 178 

— porphyry of the, 218 

— predazzite of the, 289 

— suurotide of the, 36 

— tonalite of the, 207 

— tufas of the, 310 



UNITED STATES, alunogenof the, 50 
Unst, Island of, chromic iron-ore of 
the, 62 
Ural Mountains, beresite of the, 207 

— dolomite of the, 289 

— it«3olumite of the, 249 

— miascite of the, 1 80 

— oligoclase- porphyry of the, 160 

— perofskite of the, 45 

— talc-schist of the, 252 

— zircon of the, 41 

Uto, in Sweden, apophyllite of, 30 

— spodumene of, 22 



yALENCIA, in Aragon, aragonite of, 

58 
Vdlay, trachyte of, 184 
Vesuvius, garnet in the lavas of, 40 

— hematite of, 63 

— idocrase in old lavas of^ 41 

— leucite of, 186 

— leucite rock of, 143 

— magnetic pyrites in the lavas of, 
72 

— natron of, 59 

— thomsonite in the lavas of, 31 
Vienna basin, tile- or brick-earth of the, 

269 
Vienna- sand, 299 
Viesembach, in the Vosges Mountains, 

kersanite of, 176 
Villa Bica, itacolumite of, 248 

— moorshead rock of, 343 

Villa Bubia, in Spain, glauberite of, 

49 
Visena Valley, in Tyrol, porphyritic 

syenite of the, 178 
Viterbo, trachyte of, 184 
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vol 

Volgtland, chiastolite-schist of, 257 

— alum-schittt of. 257 

— diabase of, 149 

— granite-gneiss of, 238 

— topaz ruck of. 324 
Volturara, near Melfi, haUjne, of, 15 
Vosges, andesine of the, 1 1 

— apatite of the, 160 

— conglomerate of the, S03 

— diorite of the, 156 

— mica-diorite of the, 179 

— niinette of the, 173 

— kersanite of the, 176 

— sandstone of the, 300 

Vulture, near Melfi, haUynophjiy of, 
141 

— extinct volcano of, lencite of the, 
186 



WACHENBERG, in the Odenwald, 
porphyry of, 217 
Waldenberg, in Silesia, porphyry of, 219 

— native coke or anthracite of, 334 

— pebbles of, 103 

Waldheim, in Saxony, serpentine of, 317 
Waldshut, fluor-spar of, 69 
Wales, oilstone of, 265 

— roofing and pencil-slate of, 264 
Walfsberg, in Bohemia, basalt of, 141 
Walpennith, in the Fichtelgebirge, mica- 
schist near, 243 

Wywick, in America, rntile of, 66 
Wechselburg, in Saxony, gneiss of, 239 

— nodular or spotted schist of, 257 
Weigmannsdorf, in Saxony, gneiss of, 

238 

Weinheim, porphyry near, 219 

Weisig, near Dresden, hornblende-por- 
phyrite of, 172 

Weissenborn, gneiss of, 238 

Weissenfels, in Thuringia, kaolin-sand- 
stone of, 297 

Weissritzthal, in Saxony, minette of the, 
174 

Wenlock, sandstone of, 301 

Weser Mountains, bituminous shale of 
the, 338 

Weslau, near Redwitz, granite of, 205 

Westmoreland, limestone of, 285 

Westphalia, conglomerate of, 303 

— Hils clay of, 270 

— Hils sandstone of, 299 

— marl of, 273 

— porphyrite of, 170 

— serpulite limestone of, 284 



ZOB 

Wettin, coals of, 333 

Wexford, garnet of, 40 

Whitby, dogger sandstone of, 299 

Wicklow, freestone of, 298 

Wiegersdorff, black melaphyre of, 166 

Wiener Neustadt, granulite of the 

Glocknitzer Schossberg at, 231 
Wiersberg, in the Fichtelgebirge, chlo- 

rite-schist of. 250 
Wight, Isle of, glauconite of the, 27 
Wilsdruff, in Saxony, homblende-por- 

phyriteof, 171 
Winterstein, in the. Thuringian Forest, 

quartz-porphyry of, 217 
Wittichen, in the Black Forest, kinzigite 

of, 320 
Wolkenburg, in the Siebengebirge, tra- 
chyte of,. 186, 188, 191 
Wiirtemburg, bituminous shale of, 338 
Wurzen, in Saxony, green porphyry of, 

214 



YORK, New, mtile of, 66 
Yorkshire, amber on the coast of, 
76 

— dogger sandstone of, 299 

— dolomite of, 299 



ZAUNHAUS, in Saxony, anthracite of, 
336 

— granular limestone of, 277 

— in the Erzgebirge, mica-schist near, 
244 

Zbirow, in Bohemia, wavellite of, 55 
Zealand, New, nephrite and jade of, 18 

— olivine of, 39 

— siliceous tuflF of, 349 

Zebernick, in Hungary, talc-schist of, 
252 

Zell, in the Fichtelgebirge, serpentine of, 
317 

Zelle, near Nossen, schalstein of, 311 

Zermatt, perofskite of, 45 

Ziegenriieken, near Hohenelbe, porphy- 
rite of, 170 

Zillerthal, in the Tyrol, amphilogite- 
schist of 244 

— apatite of. 53 

Zimpan, in Mexico, perlite of, 196 
Zinnwald, in the Erzgebirge, greisen of 

the, 321 
Zittau, in jSaxony, burnt shale of, 339 
Zoblitz, in the Erzgebirge, serpentine of, 

317 
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Zschopan, the, in Saxony, granalite of, 

231 
Zweibracken, harmotome of, 32 
Zwickau, in Saxony, barnt shale of, 

339 
— coals of, 333 



ZWI 

Zwickan — continued 

— felsite balls of, 224, 225 

— ferreo-lithomarge of, 356 

— inica-porphyrite of, 1 73 
— .porphyry of, 218 

— pycnite of, 354 
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ACI 

ACIDIC rocks, 128 
Actinolite, characteristics and oc- 
currence of, 17 
— glassy, 17 
Adularia, characteristics and occurrence 

of, 9, 2C3, 207 
Agaltnatolite, or ligure-stone, occurrence 

of, 354 
Agate, characteristics and occarrence of, 

6,351 
Alabaster, characteristics and occarrence 

of, 49 
Albine. See Apophyllite, 30 
Albite, characteristics and occurrence 

of, 10 
Allanite, characteristics and occurrence 

of, 43 
Allogovite, 142 
Almandine, 40 
Alpinite, 239 
Alum, characteristics and occurrence of, 

50 
Alnminnm, oxides of, 5 
Alum-schist, 257 
Alumstone, 51, 309, 352 
Alunite, characteristics and occurrence 

of, 51, 352 
Alunogen, characteristics and occurrence 

of, 50 
Amber, characteristics and occurrence 

of, 76 
Amethyst, colouring matter of, 6 
-— oecurrence of, 350 
Amphibole. See Hornblende, 16 
Amphilogite-schbt, 244 
Amygdaloid, the term explained, 97 

— of Oberstein described, 166 
Analcime, characteristics and occurrence 

of, 29 
Analcymite, 138 
Auamesite, 134 
Andalasite section of minerals, 34 

— characteristics and occurrence of, 34 
Andesine, composition and occurrence 

of, 11 



BAR 

Andesite, 185, 191 

Anhydrite, characteristics and occur- 
rence of, 48, 290, 293 

Ankerite, characteristics and occurrence 
of, 57, 355 

Anorthite, characteristics and occur- 
rence of, 12 

Anthracite, characteristics and occur- 
rence of, 335 

Anthraconite, 277 

Antimony-glance, occurrence of, 357 

Apatite, characteristics and occurrence 
of, 53 

Aphanite, characteristics and occurrence 
of, 157 

— varieties in texture of, 158 

in composition of, 1 59 

Aplite, or semi-granite, 207 
Aplome garnet, 40 

Apophyllite, characteristics and occur- 
rence of, 30 

Aragonite, characteristics and occur- 
rence of, 58, 353 

Arenaceous, the term explained, 97 

Argillaceous formations of rocks, 1 1 5, 263 

Arsenical pyrites, 357 

Arseninrets, 69 

Arsenopyrite, characteristics and occur- 
rence of, 73 

Asbestus, occurrence of, 1 8 

Asphalte, characteristics of, 76 

— localities of, 77 

Augite section of minerals, 16 

— characteristics and occurrence of, 19, 
148 

Automolite, 60 

Axinite, characteristics and occurrence 
of, 43 



"D AGSHOT sand, 299 

-^ Baryt-harmotome, characteristics 

and occurrence of, 32 
Barytes, characteristics and occurrence 

of 47, 352 
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Basalt, characteristics of, 138 

— varieties in texture of, 140 

— — in composition of, 141 
Basaltic rocks, characteristics of, 132 
Basic rocks, 128 

cuinposition of, 129 

Bath-stoue, 280 

Bedding of rocks, 108 

Bere-site, 207 

Beryl, characteristics and occurrence of, 

39 
Biotite, characteristics and occurrence 

of, 23 
Bitter-spar, characteristics of, 57 
Bitumen and mineral pitch, ch»racter- 

istics and occurrence uf, 76, 337 
Bituminous shale, 338 
Blende, characteristics and occurrence 

of, 70 
Bog, 327 
Bog.ore, 342 
Bole, occurrence of, 355 
Bologna-spar, or Bologna-stone, 48 
Boracite, characteristics and occurrence 

of, 52, 353 
Br>rates, 52 
Borax, cl^aracteristics and occurrence 

of, 52 
Boulders, formation of, 102, 304 
Braunite, characteristics and occurrence 

of. 64 
Braunstein, 64 
Breccia, the term explained, 97 

— characteristics and occurrence of, 
304, 308 

— geological varieties of, 305 
Breunnerite, characteristics of, 57 
Browncoal, or lignite, characteristics 

and occurrence of, 329 

— varieties of, 329 
Brown-spar, characteristics of, 57 



riAEN stone, 280 

^ Calaite, characterbtics and occur- 
rence of, 54 

Calamine, 58 

Calamite, characteristics and occurrence 
of, 17 

Calcareous spar, 57 

Calciphyre, 278 

Calcite, 57 

Calcspar, characteristics and occurrence 
of, 57 

Cannel coal, 332 

Carbonaceous group, 324 



CLA 

Carbonaceous group — continued 
varieties of composition, 324 f 

— — review of the important coal or- 
mations, 326 

Carbonates, 56 

— anhydrous, 56 

— hydrous, 59 
Carlsbad twins, 10 

Cassiterite, characteristics and occur- 
rence of, 65 

Celestiiie, characteristics and occurrence 
of, 48 

Cerine, characteristics and occurrence 
of, 43 

Cerusite, 70 

Ceylonite, characteristics and occur- 
rence of, 60 

Chabasite, characteristics and occur- 
rence of, 30 

Chalcedony, composition of, 6 

Chalcopyrite, characteristics and occur- 
rence of, 74 

Chalk, red, 62 

— black, 257 

— white, 280 

— glauconitic, 280 

— upper and lower, 283 
Chert, characteristics of, 7, 350 

— formation of, 350 

— black, 350 

Chiastolite, characteristics and occur- 
rence of, 34 

Chiastolite-schist, 256 

Chlorides. 67 

Chlorite, characteristics and occurrence 
of, 24 

Chlorite-schist, and potstone, character- 
istics and occurrence of, 250 

— varieties of, 250 

Chromic iron-ore, characteristics and 
occurrence of, 62 

Chromite, 62 

Chrysolite, characteristics and occur- 
rence of; 38 

Cinnabar, characteristics and occurrence . 
of, 71,358 I 

Cipolhno, 277 1 

Clay, characteristics and occurrence of, 
269 

— varieties and composition, 269 

— geological terms for certain clays, 269 
Clay-ironstone, 58 

Clay-slate, characteristics and occur- 
rence of, 263 

'— varieties in texture of, 264 

— varieties in composition of, 265 
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CLA 

)late — eorUinued 
ological varieties of, 266 
, occurrence of, 14 
mt, characteristics and occurrence 
338 

rieties of, 339 

:oDe and hardened clay, character- 
's and occurrence of, 270 
>tone, 198 
hlore, 25 
ormations, 117 

nmon, black coal, pit-coal, cha- 
seristics and occurrence of, 331 
lieties of, 332 
lonite, 40 
(bates, 45 

bite, characteristics and occur- 
:e of, 46 

;onite, characteristics and occur- 
» of, 31 
n-cune, 99 

)merate, the term explained, 97 
mations, 116, 302 
iracteristics and occurrence of, 

r-ore, blue, 60 

r-pjrites, characteristics and oc- 

rence of, 74 

ite beds, composition and occur* 

!e of, 340 

rag, 284 

>f8, 282 

rite, 44 

•ash, 284 

jum, characteristics and occur- 

eof, 8, 351 

onite, characteristics and occur- 

« of, 63 

te, characteristics and occurrence 

>9, 353 



[OURITE, character of, 23 
^avjne, characteristics and occur- 
e of, 16 
ite, 25 

tes, formation of, 100 
r.e, characteristics and occurrence 
\3 

e, characteristics and occurrence 
146 

rieties in texture of, 147 
in composition of, 148 
re, composition of, 19 
k, 150 
^te, occurrence of, 354 



EUR 

Diamond, 336 

Dichroite, characteristics and occur- 
rence of, 44 

— rock, characteristics and occurrence 
of, 320 

Diopside, characteristics of, 18 
Diorite, characteristics and occurrence 
of, 153 

— varieties in texture of, 155 
Disthene, characteristics and occurrence 

of, 36, 318 
Dolerine, 252 
Dolerite, characteristics of, 134 

— analysis of, 135 

— varieties in texture of, 136 

— variety in composition of, 136 

— subvarieties of texture of, 137 
Dolomite, characteristics and compO" 

sition of, 57, 274, 287 

— varieties in texture of, 288 
in composition of, 289 

— geological varieties of, 289 
Dnnite, 39 

Dyke, the term explained, 108 



'PAGLE-stone, 295 
^ Earth, black, composition and oc- 
currence of, 340 

— fullers', 355 

— yellow, 356 

Egeran, characteristics and occurrence 

of, 41 
Eklogite, characteristics and occurrence 

of, 318 
ElsBolite, characteristics and occurrence 

of, 16 
Elaterite, 77 
Elements, native, 74 
Elvanite, 214 
Emerald, characteristics and occuiTence 

of, 39 
Emery, occurrence of, 8 
Epidosite, occurrence of, 35, 355 
Epidote, characteristics and occurrence 

of, 42 
Epsom salt, 51 
Epsomite, characteristics and occurrence 

of, 51 
Erratic blocks, 304 
EsKonite, 40 
Eukrite, 148 
Eulisite, characteristics and occurrence 

of, 319 
Euphotide, 151 
Eurite, 220 
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FAH 



HEM 



'DAHLUNITE, occnrrence of, 44 
^ Felaite rock, 220 
Felsite-schist, 220 
Felspar, characteristics of, 8 

— orthoclastic, 9 

varieties of colour and lustre, 9 

— plagioclastic, 10 

— some aids for dbtingaishing the 
felspar species, 12 

Felspar-porphyry, 169 
Felstone, characteristics and occarrence 
of, 220 

— varieties of, 222 
Ferreo-lithomarge, 356 
Figare-stone, 354 

Flint, colouring matter of, 6 

— where found, 6 

— chalk.flints, 283 

Fluor, Fluor-spar, characteristics and 
occurrence of, 68, 351 

Fluorides, 67 

Foyaite, characteristics and occurrence 
of, 181 

Fragmental rocks, 294 

Fraidronite, characteristics and occur- 
rence of, 174, 175 

Fullers' earth, composition and occur- 
rence of, 355 

Fyalite, 38 



GABBBO, composition of, 150 
— varieties in composition of, 150 
Gadolinite, characteristics and occur- 
rence of, 43 
Gahnite, 60 
Galena, characteristics and occurrence 

of, 69, 357 
Galmey, 33, 58 

— composition and occurrence of, 356 
Garnet section of minerals, 38 

•— characteristics and occurrence of, 
39 

— varieties, 40 

Garnet rock, characteristics and occur- 
rence of, 319 

Glaciers, formation of, 348 

Glauberite, characteristics and occur- 
rence of, 49 

Glanbersalt, characteristics and occur- 
rence of, 51 

Glauconite, characteristics and occur- 
rence of, 27 

Gneiss, characteristics and occurrence 
of, 232 

— varieties of, 234 



Gneiss — contmued 

— varieties in texture of, 238 

— — in composition of, 239 
Gneissite, 234 

Gothite, 67 

Grammatite, characteristics and occur- 
rence of, 17 
Granite, characteristics of, 203 

— varieties in texture of, 205 

— occurrence of, 208 

— proposed new division of, 209 
Granitic porphyiy and syenitic por- 
phyry, 212 

— characteristics and occurrence of, 212 
Granitite, 207 

Granitone, 150 

Granulite, Leptynite, characteristics and 

' occurrence of, 229 

— varieties in texture of, 231 
Graphite, characteristics and occurrence 

of, 75, 336 
Gravel, formation of, 102 
Green-earth, occurrence of, 19 
Greenovite, 47 
Greenstones, characteristics, varieties, 

and occurrence of, 145 
Greisen, essential ingredient of, 23 

— as a variety of granite, 207 

— characteristics and occurrence of, 321 
Gritstone, 295 

Grossularite, 40 

Guano, composition and occurrence of, 

339 
Gypsum, characteristics and oceurrence 

of, 49, 274, 290 

— varieties in texture and compo- 
sition of, 291 ' 



TTALLEFLINTA, 220, 222. 

-^ Halunogen. characteristics and oc- 
currence of, 50 

Harmotome, characteristics and occur- 
rence of, 32 

Hastings sand, 299 

Hausmannite, characteristics and o^ 
currence of, 64 

Haiiyne, characteristics and occurrence 
of, 15 

Hatiynophyry, 141 

Hematite, characteristics and occarrence 
of, 62 

— brown, 67, 341 

varieties in texture of, 341 

in compoBiticm of, 342 

— red, 342 
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HEtf 

ite — continued 

, varieties in texture and compo- 

•n, 343 

rene, 278 

id ite, chaiacteristics and oocor- 

e of, 33 

ite, 278 

)ath, characteristics and occar- 

e of, 34 

265 

-stone, 17 

lende, characteristics and occnr- 

e of, 16, 17 

ieties of, 16 

erences between hornblende and 

>zene, 20 

lende-porpbTrite, 171 

.ende-schist, and Hornblende-rock, 

"acters and occorrence of, 253 

ieties in texture of, 253 

ietj in composition of, 254 

x)ne, characteristics of, 7, 350 

nrrence of, 350 

ith, characteristics and occurrence 

rl 

9, colourless, where found, 8 
ithene, characteristics and occur- 
e of, 19 
ithenite, composition of, 152 



as a rock, formation of, 347 

• glaciers, 348 

lergronnd ice-strata of Siberia,349 

ophthalmite, characteristics and 

rrence of, 30 

)e, characteristics and occurrence 

tl 

s rocks, 127 

composition of, 129 

varieties of, 129 

— basic, 131 

— volcanic, 131 

— plntonic, 144, 201 

— acidic, 182 

— volcanic, 182 

observations on the processes of 
ous rock-formation, 361 

te, characteristics and occurrence 

i3 

, characteristics and occurrence 

6, 356 

characteristics and occurrence of, 

irth, blue, characteristics and oc- 
ence of, 54 

E 



LAS 

Iron, spathic, 57, 345 

— oxydulated, 61 

— specular, 62, 344 

— red, 62 

— fibrous, 62 

— scaly, 62 

— froth, 62 

— micaceous, 62 

— titaniferous, 63 

— pyrites, 72 
white, 72 

— — hydrous, 72 

— disilicate of protoxide of iron, 346 
Iron-ore, sparry, 57 

— . magnetic, 61, 344 

— red, 62 

— titanic, 63 

— brown, 67 

Iron-stone group of rocks, 340 

— geological varieties of, 340, 341 
Itabirite, 343 

Itacolumite, characteristics and oocnr- 
rence of, 247 

— varieties of, 248 



JASPER, characteristics and occur- 

^ rence of, 6, 351 

Jenite, characteristics and occurrence of, 

36 
Jointed structure of rocks, 103 
Jointing, various kinds of» 103-105 



KAOLIN, characteristics and occur- 
rence of, 18, 354 

Earren, or Earrenfelder, 1 01 

Earstenite, characteristics and occur- 
rence o^ 48 

Eersantite, characteristics and occur- 
rence of, 175 

Eersanton, characteristics and occur- 
rence of, 175 

Eillinite, compontion of, 22 

Einzigite, characteristics and occurrence 
of, 320 

Eyanite, characteristics and occurrence 
of, 36 



LABRADOBITE, characteristics and 
occurrence of, 11 
Lapis lazuli, characteristics and occur- 
rence of, 15 
Lasionite, characteristics and occurrence 
of, 54 
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Lftsurite, characteristicd and occurrence 
of, 60 

Lanmontite (Laamouite), cbaracterbtics 
and occurrence of, 32 

Lava, the term explained, 96 

Lead-ore, blue, cbaracteriBtics and oo- 
rence of, 69 

Lepidolite, characteristica and occur- 
rence of, 23, 355 

Leueite, cbaracterutics and occurrence 
of, 15, 142 

— varieties in texture of, 143 
Leucopyrite, cbaracteriatics and occur- 

rence of, 73 

Liebnerite, occurrence of, 44 

Lievrite, or Ilvaite, characteristica and 
occurrence of, 36, 356 

Lignite, 329 

Lime-mesotype, cbaracteristica and oc- 
currence of, 33 

Limestone formations, 116, 274 

— cbaracteristica and occurrence of, 
276 

— varieties in texture of, 277 

— geological varieties of, 282 
Limonite, characteristics and occurrence 

of, 67 

Listwenite, 252 

Lithia-mica, characteristics and occur- 
rence of, 23, 355 

Lithionite, characteristics and occur- 
rence of, 23, 355 

Lithomarge, occurrence of, 355 

Loam, 269 

Lode, the term explained, 108 

Lydian stone, Lydite, black chert, com- 
position and occurrence of, 350 



lifAGNESIA - MICA, characteristics 

■"^ and occurrence of, 23 

Magnesite, characteristics and occur- 
rence of, 57, 355 

Magnetic iron-ore, Magnetite, character- 
istics and occurrence of, 61, 344 

— — varieties in texture and compo- 
sition of, 344 

Magnetic pyrites, characteristics and 
occurrence of, 71 

Magnetite, 61 

Majolica, 283 

Malachite, characteristics and occur- 
rence of, 59, 354 

Malakolite, occurrence of, 19, 149 

Manganese-ores, occurrence of, 356 

Manganese-spar, occurrence of, 356 



Manganite, characteristics and occur- 
rence of, 66 

Marcasite, or hydrous pyrites, character- 
istics and occurrence of, 72 

Man^arodite, characteristica of, 23 

Marl formations, 116, 271 

Marl, characteristics and occurrence of, 
272 

— varieties in texture and composition 
of, 272 

Marlstone, 272, 274 

Meerschaum, cbaracteristica and occur* 

rence of, 28, 354 
Meionite, 42 
Melanite, 40 
Melaphyre, characteristica and occoT' 

rence of, 162 
Melliliie, 42, 77 
Mel lite, clauacteristics and occurrence 

of, 77 
Melinite, occurrence of, 356 
Menilite, 349 
Menacbine-ore, 46 
Mesitine-spar, characteristica of, 57 
Miarolite, 206 
Miascite, characteristics and oecurreoce 

of, 180 
Mica section of minerals, characteristics 

of, 22 

— binaxial mica, 22 

— hexagonal or uniaxial, 23 
Mica-diorite, 157, 179 
Mica-porphyrite, or Micaceous Porphyiy, 

172 
Mica-schist, characteristics and occur- 
rence of, 241 

— varieties in texture and composition 
of, 243 

Mica-schist, argillaceous, characteristics 
and occurrence of, 254 

— varieties in texture of, 255 

in composition of, 256 

Mica-trap rocks, 173 

Mica-trap, characteristics and occur- 
rence of, 174 

Microcline, characteristics and occur- 
rence of, 9 

Mimetisite, 70 

Minerals, 1 

— the principal minerals, 2 

— the accessory ingredients of rocks, 2 

— * Paragenesis ' of minerals, 3 
-» mode of classification adopted, 3 

— chemical symbols used, 4 

— minerals as rocks, 347 

— mineral veins and veins of ore, 392 
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KIN 

Minette, characteristics and occnrrence 
of, 174 

Mirabilite, characteristics and occurrence 
of, 51 

Mispickel, characteristics and occnrrence 
of, 73 

Moja, 307 

Moorshead rock, 343 

Mountain leather, 18 

Mariacjte, characteristics and occnr- 
rence of, 48 

Muscovite. See Potash-mica 



^ACRITIDE. 244 

-»-^ Naphtha, characteristics and occur- 

■ rence of, 76 
Natrolite, characteristics and occurrence 

of, 31 
Natron, characteristics and occnrrence 

of, 59 
Nepheline, characteristics and occnrrence 

of, 16 
Nephrite, characteristics and occurrence 

of, 18 
N^v^, 348 
Nigrine, characteristics and occurrence 

of, 64 
Niobite, characteristics and occurrence 

of, 46 
Nitrates, 55 
Nitratine, characteristics and occurrence 

of, 55 
Nitre, characteristics and occurrence of, 

55 
Norite, characteristics of, 151, 156 
Nosean, characteristics and occurrence 

of, 15 
Nosean-melanite rock, 144 
Novaculite, 267 



ABSIDIAN, pure, 185 
^ — characteristics and occurrence of, 
197 

— varieties, according to differences of 
texture, 197 

Ochre, yellow, 341 

— red, 343 
Oilstone, 267 

Oligoclase, characteristics and occur- 
rence of, 11 

Oligoclase-dolerite, 138 

Olivine, characterbtlcs and occurrence 
of, 38 

Omphacite rock. 318 



PHA 

Omphazite, characteristics of, 19 
Oolite, formation of, 94 

— varieties of oolites, 284 
Oosite, occnrrence of, 44 
Opal, characteristics of, 7, 349 

— occurrences and mode of formation of, 
7, 349 

— varieties of, 349 
Ophicalcite, 278 
Ophiolite, 314 
Ophite, 156 

Organic compounds, 76 

Orthite, characteristics and occnrrence 
of, 43 

Orthoclase, characteristics and occur- 
rence of, 9, 355 

— varieties of colour and lustre of, 9 
Ottrelite, characteristics and occurrence 

of, 26 
Ottrelite-schist, 256 
Oxides of elements of the hydrogen 

group, 60 

— anhydrous, 60 

— hydrous, 66 
Oxydulated iron, 61 
Oxygen compounds, 5 



pALAGONITE, occurrence of, 19 
-^ * Paragenesis * of minerals, 3 
Paragonite-schist, 244 
Parrot-coal, 332 
Paulite. See Hypersthene 
Pea-ore, 341 
Peastone, 282 

Peat, characteristics and occurrence of, 
324, 327 

— varieties of, 328 
Pebbles, formation of, 102, 304 
Pegmatite, 206 

Pegmatolite, characters and occurrence 

of, 9 
Peperino, 308 
Pencil-slate, 264 
Pennine, 25 
Peridot, characteristics and occurrence 

of, 38 
Perlites, and Pearlstone-porphyry, 184 

— characteristics and occurrence of, 
196 

— varieties in t«xture of, 196 
Perofskite, characteristics and occur- 
rence of, 45 

Petrosilex, 220 

Phacolite, characteristics and occurrence 
of. 30 
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PHE 



ROC 



Phenakite, or Phenacite, characteriBtica 
and occarrence of, 39 

Phengite. See Potash-mica 

Phillipeite, characteristics and occur- 
rence of, 32 

Phlogopite, 24 

Pholades, on the sea-coast, 102 

Phonolite group of rocks, 198 

Pbonolite, Clinkstone, characteristics 
and occurrence of, 198 

— varieties in texture of, 200 
Phosphates, 53 

— anhydrous, 53 

— hydrous, 54 

Phosphorite, characteristics and occur- 
rence of, 53, 353 

Pinite, occurrence of, 44 

Pinsill, or Pencil-slate, 264 

Pistacite in hornblendic and pyrozenic 
rocks, 20 

— characteristics and occurrence of, 42, 
355 

Pitchstone and Pitchstone-porphyry, cha* 
racteristics and occurrence of, 223 

— Tarieties in texture of, 225 
Pleonaste, 60 

Plumbago, characteristics and occurrence 
of, 75, 336 

Plutonic rocks. 111, 113, 114, 128 

Polianite, characteristics and occurrence 
of, 64 

Porcelain clay, 13, 354 

Porphyrite, characteristics and occur- 
rence of, 1 68 

Porphyrites, 168 

Porphyry, 96 

Portland-stone, 280, 284 

Pot-holes, formation of, 101 

Potash-mica, characteribtics and occur- 
rence of, 22 

— damourite, margarodite, 23 
Potstone, characteristics and occurrence 

of, 251 

Prehnite, characteristics and occurrence 
of, 31 

Protogine, 206 

Psilomelane, characteristics and occur- 
rence of, 67 

Puddingstone, 302, 304 

Pumice-stone, and its varieties, 97, 185, 
197 

Puzzulana, 308 

Pycnite, occurrence of, 35, 355 

Pyrites, characteristics and occurrence 
of, 72, 357 

— in hornblendic and pyroxenic rocks, 
20 



Pyrites — conimued 

— magnetic, 71 

— white, 73 t^^ 

— hydrous, 72, 357 ~^ 

— arsenical, 357 

Pyrochlore, characteristics and occur- 
rence Ofy 45 

Pyromeride, or Ball-porphyry, 218 

Pyromorphite, 70 

Pyrope, characteristics and occurrence 
of, 40 

Pyroschist, 338 

Pyrolusite, 65 

Pyroxene, characteristics and occurrence 
of, 18 

— varieties of, 18 

— appendix to, 19 

— hydrous products of the decomposi- 
tion of, 19 

— differences between hornblende and 
pyroxene, 20 

QUARTZ, characteristics of, 5, 350 
— common quartz, how found, 5,350 

— amethyst, 6, 350 

— chalcedony, 6 

— agate, 6, 350 

— jasper, 6, 350 

— flint, 6, 350 

— chert, homstone, 7, 350 ' i 

— modes of formation of quartz, 7, 350 
Quartz-porphyry, Elvanite, characteris- 
tics and occurrence of, 215 

— varieties in texture of, 217 

in composition of, 218 

Quartz-schist, characteristics and com- 
position of, 246 

— varieties in texture of, 247 

RAINDROPS, traces of, on rocks, 101 
Randanite, 350 
Reddle, 62 
Rennsellaerite, 316 
Resins, 76 

Rhodonite, occurrence of, 356 
Rhcetizite, characteristics and occurrence 

of, 36 
Rhyolite, characteristics and occurrence 

of, 193 
Kpidolite, characteristics and occurrence 

of, 24 
Rock-salt, characteristics and occurrence 

of, 67, 351 

— formations, 117 

— varieties of, 352 
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«0C 

Bock-soap, occDrrence of, 355 
Rocks, acidic, analyses of, 85 
. — basic, analyses of, 86 

— composite, 1 

— igneous, 127 

— metamorphic, 227 

— platonic, 144, 201 

— sedimentary, 1 1 5 
analyses of, 86 

— volcanic, 131, 182 

— simple, 1 

— accessory or non-essential, I 

— analyses of, 78 

microscopic, 78 

magnetic, 78 

chemical, 79 

— physical stractore of, 87 

— texture of, 87 

— peculiar states of rocks, 95 

— concretionary structure of, 98 

— special forms of external structure 
of, 99 

— jointed structure of, 103 

— stratification of rocks, 105 

— shape and bedding of rock masses, 
106 

— geological formations and groups of 
rocks, 111 

volcanic. 111 

the older, 112 

upper plutonic, 113 

lower plutonic, 114 

argillaceous, 115 

marl formations, 116 

limestone formations, 116 

sandstone formations, 116 

conglomerate formations, 116 

coal formations, 117 

«^- — rock-salt formations, 117 

crystalline schist formations, 

118 
great geological periods of de- 
posit, 119 

— transitions and transmutations of 
rocks, 120 

— classification of rocks, 123 

— rocks of special character or bedding, 
313 

— observations on the processes of rock- 
formation in nature, 359 

Roofing-slate, 264 
Bottenstone, 279 

Bounded stones, formation of, 202 
Rubellan, 24 

Butile, ohftracteristics and occurrence of, 
66 



s- 



BED 

AL-AMMONI AC, characteristics and 
occurrence of, 68 

Sahlite, characteristics and occurrence of, 
18, 19 

Salt, common, characteristics and oc- 
currence of, 67, 351 

— rock, 67 

Saltpetre, characteristics and occurrence 
of, 55 

— Chili saltpetre, 55 
Sand, varieties of, 299 

— characteristics and occurrence of, 
301 

Sandstone, the term explained, 97 

— formations, 116 

-» characteristics and occurrence of, 
295 

— varieties in texture, 295 

— — in composition, 297 

— geological varieties of, 298 
Sanidine, characteristics and occurrence 

of, 

Saponite, characteristics and occurrence 
of, 25 

Saussurite (jade), characteristics of, 
11 

Scaglia, 283 

Scapolite, characteristics and occurrence 
of, 41 

Schalstein, characteristics and occur- 
rence of, 311 

— varieties of, 311 
Schiller-rock, 314 

Schist, the term explained, 97 
Schists, metamorphic crystalline, 227 

— composition of, 227 

— properties of, 228 

— schorlaceous schist, 323 

— observations on the processes of for- 
mation of metamorphic crystalline 
schists, 378 

— contrasts between the catogemc and 
anogenic transmutations of, 391 

Schorl, characteristics and occurrence 
of, 37, 323 

— varieties in texture, 323 

— — in composition, 324 
Scolecite, characteiistics and occurrence 

of, 33 
Scoria, 97 
Sedimentary and fragmentaxy rooks, 

259 

— characteristics of, 259 

— table of geological periods of, 260 

— observations on the processes of the 
formation of, 374 
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Selenite, duuractcrutics and occarrenoa 
of, 49 

Serioite,23 

Sericite-scbist, 256 

SerpentiDe gronp of rocks, 314 

Serpentine, characteristictt and occur- 
rence of, 26, 314 

— varietieaof, 315 

Shale, the term explained, 97 

— argillaceous, characteristics and oc- 
currence of, 268 

— Tarietiea in texture of, 268 
in composition of, 269 

— geological varieties of, 269 

— miners' terms for shale, 29 note 

— bituminous shale, 338 
Shingle, formation of, 102 

Siderite, characteristics and occurrence 
of, 57, 345 

— varieties in texture and composition 
of, 345 

Silicates, 8 

— felspar section, 8 

— augite section, 16 

— mica section, 22 

— hydrous magnesian silicates (talc 
section), 24 

-» zeolite section, 28 

— andalusite section, 34 

— garnet section, 38 
Silicon, oxides of, 5 
Slag, volcanic, 67 
Slate, the term, 97 

— polishing, tripoli, 349 
Slates, varieties of, 264-266, 273 
Smaragd, characteristics and occurrence 

of, 39 

Smaragdite rock, occurrence and com- 
position of, 19, 318 

Smithsonite. characteristics and occur- 
rence of, 33 

Soapstone, characteristics and occurrence 
of, 25 

Soda, carbonate of, characteristics and 
occurrence of, 59 

Soda-mesotjpe, characteristics and oc- 
currence of, 31 

Sodalite, characteristics and occurrence 
of. 14 

Spar, heavy, characteristics and occur- 
rence of, 47, 352 

— manganese, 356 

Spargelstein, characterbtics and occur- 
rence of, 53 

Sparry iron-ore, 57 
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Spathic iron, characteristics and oocor- 
rence of, 57, 345 

— varieties in texture and compositioo, 
345 

Sphaerosiderite, 58, 346 

Sphalerite, 70 

Sphene, characteristics and occnrrenea 
of, 46 

Spinel, characteristics and occnrreoce 
of, 60 

Spodumene, characteristics and occur- 
rence of, 21 

— Killinite, 22 
Stalactites, formation of, 99 
StaUigmites, formation of, 100 
Stassfurtite, occurrence of, 52, 353 
SUurotide (Staurolite), characteristics 

and occurrence of, 36 
Steatite, characteristics of, 27, 354 
Stilbite, characteristics and occurrence 

of, 33 
Stilpnosiderite, 67 
Strahlstein. See Actinolite 
Stratification of rocks, 105 
Styolites, 99 
Sulphates, 47 

— anhydrous, 47 

— hydrous, 49 

Sulphur, characteristics and occurrence 

of, 74, 358 
Sulphurets, 69 
Syenite group of rocks, 176 
Syenite, characteristics and occurrence 

of, 177 

— varieties in texture of, 178 



TALC section of minerals, 24 
-^ Talc, characteristics and occurrence 
of, 27, 354 

— varieties of, 27 

Talc-schist, characteristics and occur- 
rence of, 251 

— varieties of, 252 
Talc-spar, characteristics of, 57 
Tantalates, or Columbates, 45 
Tantalite, characteristics and occur- 
rence of, 45 

Teschinite, 148 

Tholeite, 138 

Thomsonite, characteristics and occur- 
rence of, 31 

Thnmite, characteristics and oocnrrenee 
of, 43 

Timazite (Trachytic Greenstone), cha- 
racteristics and occurrence of, 156 
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TIN 

Tin-ore, Tinstooe^ characteristics and 
occurrence of, 65 

Tinkal, characteristics and occurrence 
of, 52 

Titanic iron-ore, 63 

Titaniferous iron, characteristics and 
occurrence of, 63 

Titanite, characteristics and occurrence 
of, 46 

Titanites, 45 

Tonalite, 207 

Topanhoacanga, composition of, 343 

Topaz, characteristics and occurrence 
of, 35 

Topaz rock, 306, 324 

Tourmaline, characteristics and occur- 
rence of, 37 

Trachyte group of rocks, 183 

— varieties ci, 184 

Trachyte, characteristics and occurrence 
of, 189 

— yarieties in texture, 189 

in composition, 190 

Trachyte-porphyry, characteristiiis and 

occurrence of, 194 
r— Yarieties in texture of, 195 
Travertine, 282 
Tremolite, characteristics and occurrence 

of, 17 
Tripestone, 291 
Tripbane, characteristics and occurrence 

of, 21 
Tripoli, 349 
Trona, characteristics and occun:ence of, 

59, 352 
Tuff, Tufa, the terms explained, 97 

— cbaracteribtics and occurrence of, 306 

— volcanic tufas, basaltic and trachytic, 
308 

— tuff formations of plotonic rocks, 309 

— siliceous, 349 
Turf, 327 

Turquois, characteristics and occurrence 
of, 54 



ULTRAMARINE, characteristics and 
occurrence of, 17 
Uralite, characteristics and occurrence 

of, 18 
Urao, characteristics and occurrence 
of, 59 
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yANADATES, 45 
' Vein, the term explained, 108 

Veins, mineral, and veins of ore, 392 

Vesuvian, characteristics and occurrence 
of, 41 

Vivianite, characteristics and occurrence 
of 54 

VolMuic rocks, 111, 127, 131 

Volcanic tufas, basaltic and trachytic, 
308 

Volborthite, characteristics and occur- 
rence of, 47 



WACEE, the term explained, 96 
Wad, characteristics and occurrence 
of, 67 

Wavellite, characteristics and occurrence 
of, 54 

Wemerite, characteristics and occur- 
rence of, 42, 222 

WheUlate, Whetstone, 265 

Wiluit, characteristics and occurrence 
of, 41 

Woblerite, characteristics and occurrence 
of, 46 

Woodstone, material of, 7 



^EOLITE section of minerals, cUa- 
^ racteristics, properties, and occur- 
rence of, 28 

— monometric zeolites, 29 

— hexagonal, 30 

— trimetric, 31 

— monoclinic, 32 

Zinc, hydrous silicate of, 33 

— carbonate of, 356 
Zinc-ore, red, 357 
Zincblende, 70 

Zinc-spar, characteristics and occur- 
rence of, 58 

Zireon, characteristics and occurrence 
of, 41 

Zircon-syenite, characteristics and oc- 
currence of, 181 

Zoisite, characteristics and occurrence of. 
41 

Zwitter rock, characteristics and occur- 
rence of, 322. 
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* This is really a handy book. A con- 
cise ftocount of nil known miber&la le 
giTtn in alphabetleal ortaer.^nd references 
are nridfid to the €iises in wMch specimens 
may ho found in tbe Britidi Mnscum a&d 
the lluflcma of Practical Gpologj', There 
la b1jk> a tieefnl Ititnodnctlon on the cha- 
raoters, propertifH, and cliettJcal compo- 
sition of minerals.' 

Medical Times and Gazette. 

*We can recommend Mr. BRISTOW'S 
Glossary of Mineraior/^ to all geologists, 
as well aft bcj mining atudenta, and the 
cadets of Baiidhiirat mi(3 Woolwich. It 
is a real hiuidy book the arrangement, 
being alphabetical, is euitwl to everyone's 
capacity. . . As a work of gRutial liLilkv, 
this book is the best of its class, and tL 
only one we should ever think of opening 
by way of amusement. Wo rtfer to such 
articles as arsenolite, amber, asbestos, 
asphalt, avanturine, &c.,or to that on the 
diamond.' CRmc. 

*The student in physical science has 
long dofiii^ a ixjok combining fadltty of 
reference with a oondoe and familiar 
account of all the tiiown mineralg. Thi* 
want is now fqlJy supplied by the present 
work, whjdi la not a mere glosBary, aa 
its title woqld imply, but is intermediate 
between it and a manual. The first fifty 
pages contain a description of the general 
characters of minei-aJB, tbtdr various 
properties, Corapoaitioiij and cla^ficjitlon 
whilst the aiogsaiy profeseefl to give in- 
formation upon every known mineral 
substance, and this information is as 
complete as the present state of our know- 



ledge will allow..... The Author's task 
has been ably executed, and his work will 
be much in request.' Lancet. 

* There has been hitherto no work in 
English at all answering to this Glossary 
of Mr. BaiSTOiv, It ifi & Dictionary of 
Mineralogy of the moit complete kind, 
and yet in the most portablo form, nnd 
mtiPt heoonio a tine ^«d »on to every 
practical mlneralogiatH Unincumbertd. 
with any system of elassiHcation, It de« 
Ecrtbea crery mineral ^sscles or variety 
alphabetically with references to syno- 
nymoa, English^ Premeh, and German. 
The description of the rainenaJs is at once 
coiiclfiQ and yot stifflcieiit r<,r practical 
purposes. It includes their crystalline 
and physical characteristics, chemical 
eompoaition (shewn lioth by formida and 
analynctt) behavioor before the blowpipe, 
and their principal locaUties and uses. 
It need warfely bo aald that Mr. Bristow, 
having the resonnq^a of the Jt^rmyn Street 
Miweum at his haod, as well ai the aaal^t- 
ftncoof BO eminent a mlncmlgglut as Mr. 
VTArttNtiToy Swrrff^haa had great oppor- 
tunities of tdming out a good book . And 
he has certainly done so* .Notwith- 
standing the great body of Information it 
contains, this Utth} ^-uliime has the ad- 
vantd^ of cxtnime cleatiiefv; of type and 
gneat portability. For tourists andprac- 
tioal men LatoFc^ted In inirn?ralogy it will 
be iiidispciiAablB among the former we 
expect Mr. BEiii^roVa aTeon book will be 
seen often side by side with Mr. Murray's 
red volumes.' 

MiNiNo and Smelting Magazine. 
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The LIFE of NAPOLEON III. derived from State Records, Unpublished 
Family Correspondence, and Personal Testimony. By Blanchard Jerbold. 
4 vols. Svo. with Portraits from the Originals in possession of the Impnial 
Family, and Faoeimiles of Letters of Napoleon I. Napoleon III. Qneen 
Hortense, &c. [Vol. I. nearly ready, 

LIFE and LETTERS of Sir GILBERT ELLIOT, First EABL of 
MINTO, from 17.'»1 to 1806, when his Public Life in Europe was clof^ed by hib 
Appointment to the Vice-Royalty of India. Edited by his Grand-Niece, the 
Cou^TTESS of MiNTO. 3 Tols. 8to. 31 «. 6d. 

UEHOIB of THOMAS FIBST LOBD BENUAN. formerly Lord Chief 
Justice of Enpland. By Sir Joseph Arnould, B.A. K.B. late Judge of the High 
Court of Bombay. With 2 Portraits. 2 vols. Svo. 82*. 

ESSAYS in MODEBN MILITABY BIO&BAPHY. By Charles 

CoBKWALLis Chesnet, Lieutenant- Colonel in the Royal Engineers. Svo. 12*. 6tf. 

BIBLIOTHECA COBKUBIENSIS ; a Catalogue of the Writiogs, both 
MS. and printed, of tliomishmen from the Earliest Times, and of "Works relating 
to the County of Cornwall. With Biographical Memoranda and copious Literary 
References, By G. C. Boase and W. P. Couutxey. In Ttco Volumes. Vol. L 
A.— O. Imperial Svo. 21*. 

SHAKESPEABE'S HOME and BUBAL LIFE. By James Walter, 

Major 4th Lancashire Artillery Volunteers. Comprising a Biographical Narrative, 
illustrated by about 100 Landscapes and Views produced by the Heliotype pro- 
cess from Photographs taken in the localities. Imperial 4to. 52*. 6d. 

BIOGBAFHICAL and CBITICAL ESSAYS, reprinted from Reviews, 
with Additifips and Corrections. Second Edition of the Second Series. By A, 
Haiward, Q.C. 2 vols. Svo. price 28*. Tuird Semes, in 1 vol. Svo. piice 144. 
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The LIFE of LLOYD, FIB8T LORD XENTOK, LORD CHIEF 

JUSTICE of ENGLAND. By the Hon. Gkobgk T. Kknyon, M.A. of Ch. Ch. 
Oxford. With Portraits. 8vo. price 14«. 

MEICOIB of GEORGE EDWARD LTHCH COTTON, D.D. Bishop of 

Calcntta and Metropolitan. With Selections from his Journals and Corre- 
spondenoe. Edited by Mrs. CorroN. Crown 8vo. Is. 6d, ' 

XEMOnt of the LIFE of Admiral Sir EDWARD CODRINGTOIT. 

With Selections from his Pablic and Private Correspondence. Edited by his 
Daughter, Lady Bourcuier. Portraits, Maps, and Plans. 2 toIs. 8to. d6s, 

LIFE of ALEXANDER YON HTTHBOLDT. Compiled in Commemo- 
ration of the Centenary of his Birth, and edited by Professor Karl Brithns ; 
translated by Janb and Carolinb Lassell, with 3 Portraits. 2 toIs. Syo. 36«. 

MEICOIRS of BARON STOCEMAR. By his Son, Baron E. Von 
Stockmar. Translated from the German by G. A. M. Edited by F. Max 
MULLER, M.A. 2 TOls. crown 8vo. price 21«. 

LORD GEORGE BENTINCX; A Political Biography. By the Right 
Hon. Benjamin Disraeu, M.P. Crown ^o, price 6«. 

The LIFE OF ISAMBABD KINGDOM BRTTNEL, Civil Engineer. 
By ISAHBARD Brunel, B.C.L. With Portrait, Plates, and Woodcnts. 8vo. 2U, 

RECOLLECTIONS of PAST LIFE. By Sir Henbt Holland, Bart. 
M.D. F.B.S. late Physician-in-Ordinary to the Qaecn. Third Edition. Post 
8yo. price 10s. 6d. 

The LIFE and LETTERS of the Rev. STDNET SMITH. Edited 
by his Daughter, Lady Hollakd, and Mrs. Austin. Crown 8vo. price 6*. 

LEADERS of PUBLIC OPINION in IRELAND; Swift, Flood, 
Grattan, and O'Connell. By W. E. H. Leckt, M;A. Kew Edition, revised and 
enlarged. Crown 8yo. price Is. 6d. 

DICTIONARY of GENERAL BIOGRAPHY; containing Concise 
Memoirs and Notices of the most Eminent Persons of all Countries, from the 
Earliest Ages to the Present Time. Edited by W. L. B. Cates. Syo. 21^. 

LIVES of the QUEENS of ENGLAND. By Aones Strickland. 
Library Edition, newly revised ; with Portraits of every Queen, Autographs 
and Vignettes. 8 vols, post 8vo. Is. 6d. each. 

LIFE of the DTTXE of WELLINGTON. By the Rev. G. R. Gleio, 
M. A. Popular Edition, carefully revised ; with copious Additions. Crown 8vo. 
with Portrait, 5s, 

FELIX MENDELSSOHN* S LETTERS from Italy and Switzerland, 
and Letters from 1833 to 1847, translated by Lady Wallace. New Edition, with 
Portrait. 2 vols, crown 8vo. 6*. each. 

MEMOIRS of SIR HENRY HAYELOCK, X.C.B. By John Clabk 
Mabshhan. Cabinet Edition, with Portrait. Crown 8vo. price Zs. 6d. 

VICISSITDDES of FAMILIES. By Sir J. Bebkabd Bubke, C.B. 
TTlster King of Arms. Kew Edition, remodelled and enlarged. 2 vols, crown 
8vo. 21*. 

The RISE of GREAT FAMILIES, other Essays and Stories. By Sir 
J. Bernard Burke, C.B. Ulster King of Arms. Crown 8vo. price 12*. 6d, 
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S88AYB in SOGLEBIASTICAL BIOOBAFET. By the Bight H<ni. 
Sir J. SiXFHSr, LLJ>. Cabinet Bdition. Crown 8vo. 7«. 6d. 

XAUHDEB'S BIOGBAPHICAL TBEA8TTBT. Latest Edition, le- 
oonrtmoted, ihoronghly refviaed, and in great part rewritten ; with 1,000 addi- 
tional MemoirB and NoticoB, by W. L. B. Gates. Pep. 8to. 6s, doth; 10*. calf. 

LSTTSBB and LIFE of FRAHOIB BACOK , including all his Ooca- 
■ional Works. Collected and edited, with a Commentary, by J. SfBumu , 
Trin. GolL Cantab. 6 Yds. 8to. £S. 13<. YoL YII. oompletiaii, nearlj ready. 



Criticism, Philosophy, Polity, &c. 

A BTSTEXATIC VIEW of the BCIEirOE of JUBIBPBVDXVCE. 

By 8mEU)ON Amos, M.A. ProfesBor of Jurispmdettoe to the Inns of Goort, 
Lmidon. 8to. price 18«. 

A PBIMES of the EKOLIBH COHSTITirTIOH and GOYEBVKEHT. 

BySHSiJX>x Amos, MJL Professor of Jnrisprodenoe to the Inns of Conrt. New 
Edition, reyised. PostSvo. [Inthtpreu. 

The nrBTITUTEB of JUSTIHIAK; with English Introdnction, Trans- 
lation and Notes. By T. C. Sa>'DARs, M JL New Edition. 8yo. lfi«. 

SOCBATEB and the BOCEATIG BCH00L8. Translated from the 
German of Dr. E. Zeluer, with the Anthor^s approval, by the Ber. Oswaid J. 
Beichxl,MJL. Crown 8to. 8«. Gd. 

The STOICS, EPICUBEAHB, and BCEPTIGS. Translated from the 
German of Dr. E. Zsller, with the Author's approval, by Oswald J. Rict<7HKT., 
ILA. Crown Svo. price lii. 

The ETHICS of ABISTOTLE, illustrated with Essays and Notes, 
By Sir A. Grant, Bart. MJL LL.D. Third Edition, revised and partly 
rewritten. {In the press. 

The POLITIGB of AEISTOTLE ; Greek Text, with English Notes. Bj 
BxcHABD CoNGRSiviE, MJL New Edition, revised. Svo. {Nearlf readjf. 

The KICOXACHEAN ETHICS of AEISTOTLE newly translated into 
TgngHah- By B. WnuAMS. B.A. PeUow and late Lectarer of Merton GoDege, 
and sometime Student of Christ Church, Oxford. Svo. 12s, 

SLEXEKTS of LOGIC. By B. Whatelt, D.D. late Arehbishop of 
Dublin. New Edition. Svo. 10s, 6d. crown Svo. is, 6d, 

Elements of Ehetoric. By the same Author. New Edition. 8to. 
lOs, 6d, crown Svo. 4«. 6d. 

English Synonymes. By K Jane Whatelt. Edited by Archbishop 
Whatelt. Fifth Edition. Fcp. Svo. price 8<. 

BACOK'S ESSAYS with AKKOTATIOITS. By K. Whatelt, D.D. 
late Archbishop of Dublin. New Edition, Svo. price 10«. 6d, 

LOED BACOH'S WOEKS, collected and edited by J. Speddiko, M.A. 
B. L. Ellis, M Ju and D. D. Heath. 7 vols. Svo. price £3. 13<. 6d. 

ESSAYS CEITIGAL and NAEEATIVE, partly original and partly 
reprinted from the Edinburgh, Quarterly, and oth^ Beviews. By Willlui 
FoBSTTH, Q.C. MJP. for Maiylebone. Svo. ilfovreadif. 
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Tbe BUBJECnOV of WOX£H. Bj John Stuabt Mill. New 
Bdition. PostSro. 6«. 

Oa BEFSESEHTAIIVE GOYEEHXEHT. Bj John Stuabt Mtt.^. . 
down 8to. price 2s, 

Oa LIBEBTY. By Johh Stuabt Mill. New Edition. Post 
8yo. 7s, 6d. Crown 8to. price Is. id, 

F2UHCIPLE8 of POLITICAL EGOHOMT. By the same Author. 
Serenth Edition. 2 toIi. 8to. 3Qs, Or in 1 toI. crown 8to. price 6s, 

EB8AYB on BOKE UHBETTLED QUEBTIOHS of POLITICAL 

ECONOMY. By John Stuabt Mill. Second Edition. 6ro,6s.6d, 

ITTTIiITAETANTfly. By John Stuabt Mill. New Edition. 8to. 58, 

DIBBEETATI0N8 and DISCXTSSIONB, POLITICAL. PHIL080PHI- 
CAL, and HISTORICAL. By John Stuabt Mill. 8 toIb. 8vo. d6s, 

SXAKIEATIOH of Sir. W. HAKILTOH'B PHILOSOPHY, and of the 
Principal FhiloBophical Qnestions disccuBed in his WrttingB. By John Stuabt 
Hill. Fonrth Edition. 8vo. 16«. 

An OXTTLINE of the HECESSASY LAWS of THOUGHT ; a Treatise 
on Pnre and Applied Logic. By the Most Rey. W. Thomson, Lord Archbishop 
of York, D J>. P.R.S. Ninth Thonsand. Crown 8yo. price 6s, 6d, 

PBIECIPLEB of ECONOMICAL PHILOSOPHY. By Henbt BuKMiKa 
Haclrod, M.A.Banrister-at-Law. Second Edition. In Two Yolmnes. Youl* 
8to. price 16s, 

A SYSTEM of LOGIC, EATIOdNATIVE and DTDXTCTIVE. By Jomc 
Stuabt Mill. Eighth Edition. Two toIs. 8vo. 26s, 

The ELECTION of EEPEESENTATIYES, Parliamentary and Mnni- 
oipal ; a Treatise. By Thomas Habb, Barrister-at-Law. Crown 8yo. 7s, 

SPEECHES of the EIGHT HON. LOED MACAITLAY, corrected hy 
Hinuelf . People's Edition, crown 8yo. 3s, 6d, 

Lord Macaolay's Speeehes on Parliamentary Eeform in 1881 and 

1832. 16mo. Is, 

FAMILIES of SPEECH : Four Lectures delivered before the Boyal 
Institntion of Oreat Britain. By the Rey. P. W. Fabbab, D J). P.R.S. New 
Edition. Crown 8yo. 3^. 6d. 

CHAPTERS on LANGXTAGE. By the Bev. F. W. Fabbab, D.D. FJLS, 

New Edition. Crown 8yo. 6s, 
A BICTIONAEY of the ENGLISH LANGUAGE. By E. G. Latham, 

M.A. M J). P.R.S. Pounded on the Dictionary of Dr. Samdbl Johnson, as 

edited by the Rev. H. J. Todd, with nnmerous Emendations and Additions. 

In Pour Yolomes, 4to. price £7. 

A PRACTICAL ENGLISH DICTIONARY, on the Plan of White's 
EDglish-Latin and Latin-English Dictionaries. By John T. White, D J>. Oxon. 
and T. C. Donkin, M.A. Assistant-Master, E3ng Edward's Grammar School, 
Birmingliam. Post 8yo. [In the press, 

THESATTRXrS of ENGLISH WORDS and PHRASES, classified and 
arranged so as to facilitate the Expression of Ideas, and assist in Litecaiy 
Composition. By P. M. Rooet, M.D. New Edition. Crown 8yo. 10«. 6<i. 
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LSOTTTBEB on the BCIEHGE of LAHGXTAGE. By F. Max Mulijeb, 
MJu &c. Beventh Edition. 2 toIi. crown 8to. 16«. 

XAVTJAL of EX6LIBH UTEEATITBE, Historical and Critical. Bj 
Thomas Abvold, M.A. New Edition. Crown Svo. 7«. $dL 

THBES CSHTTTSIEB of EHGLIBH LITEEATTTBE. Bj Chablb9 

DuKB YoxGX. Crown 8to. price 7«. 6d. 

80UTHETB BOCTOB, complete in One Volume. Edited by the Bey. 
J. W. Wabtkb, BJ). Square crown 8to. 12«. M, 

EIBTOBICAL and CBITICAL COMMENTABY on the OLD TESTA- 
MENT ; with a New Translation. By M. M. Kausch, FhJ). Vol. I. Genetlt, 
8to. 18«. or adapted for the General Beader, 12s, Vol. U. Exodus, 15s, or 
adapted for the General Beader» V2s, Vol. IIL LevUieus,t Part I. 16s. or 
adapted for the General Beader, Bs, Vol. IV. LevUieus, Past IL ISs, tft 
adapted for the General Beader, Bs, 

A DICTIONABT of BOMAK and GBEEK AHTiaiTITIES, with 
about Two Thousand Engravings on Wood from Ancient Originals, illn s tr aii w 
of the Industrial Arts and Social Life of the Greeks and Bomans. By A. BiCH, 
B.A. Third Edition, revised and improved. Crown Svo. price Is, 6d, 

A LAinr-ElfGLISH DICTIONABY. By Johk T. Whitb, D.D. 
Oxon. and J. E. Biddlb, M.A. Oxon. Bevised Edition. 2 vols. 4to. 42s. 

WHITE'S COLLEGE LATIN-ENGLISH BICTIOK ABY antermediate 
Size), abridged for the use of University Students from the Parent Work (as 
above). Medium 8vo. ISs, 

WHITE*B JTJHIOB STXTDENT'S COMPLETE LATIK-EKGLISH and 

ENGLISH-LATIN DICTIONABY. New Edition. Square 12mo. price 12s. 

B-«-«.foW / The ENGLISH-LATIN DICTIONABY, price Bs, 6d, 
Beparateiy | ^^ LATIN-ENGLISH DICTIONABY, price 7s. Sd. 

A LATIN- ENGLISH DICTIONABY, for Middle-Class Schools, 
abridged from the Junior Student's Latin-English Dictionary. By JOHX T, 
White, D.D. Oxon. 18mo. [In the press. 

An EHGLI8H-GBEEX LEXICON, containiDg all the Greek Woids 
used by Writers of good authority. By C. D. Yokob, B.A. New Edition. 
4to. price 21s, 

Xr. YONGE'S KEW LEXICON, English and Greek, abridged from 
his larger work (as above). Bevised Edition. Square 12mo. price Ss, 6d. 

A GBEEK-EHGLISH LEXICON. Compiled by H. G. Liddell, D.D, 
Dean of Christ Church, and B. Scott, D.D. Dean of Bochester. Sixth Edition. 
Crown 4to. price 3Bs, 

A Lexicon, Greek and English, abridged from Liddell and Scott's 
Greek-English Lexicon, Fourteenth Edition. Square 12mo. 7s, 6d. 

A BAHSKBIT-ENGLISH DICTIONABY, the Sanskrit words printed 
both in the original Devanagari and in Boman Letters. Compiled by T. 
Benfet, Prof, in the Univ. of GUttingen. Svo. 62s, 6d. 

A FBACTICAL DICTIONABY of the FBENCH and ENGLISH LAN- 

GXJAGEa By L. COKTANSEAU. Bevised Edition. Post 8vo. 10«. 6d. 

Contansean's Pocket Dictionary, French and English, abridged from 
the above by the Author. New Edition, revised. Square 18mo. Zs, 6d. 
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HEW FEAGTIGAL DIGTIOHABT of the GEBMAK LAHeXTAOE; 

German-English and English-German. By the Bev. W. L. Bulckuet, M.A, 
and Dr. Cabl Martin FBiEDLiLNDEB. Post 8to. 7s, 6d, 

The MA8TEBT of LANGXTAGES ; or, the Art of Speaking Foreign 
Tongnes Idiomatically. By Thomas Pbrndbrgast. 8vo. 6s, 



Miscellaneous Works and Popular Metaphysics. 

ESSAYS on FBEETHINEING and PLAIN-SPEAKING. By Leslis 
Stephen. Crown 8vo. IQs. 6d, 

MISGELLANEOUS and POSTHTTMOXTS WOBXS of the Late HEKBT 

THOMAS BUCKLE. Edited, with a Biographical Notice, by Helen Tatlob. 
8 Tols. 8vo. price 62s. 6d, 

MISOELLANEOXrS WBITINGS of JOHN OONINGTON, M.A. late 
Corpus Professor of Latin in the University of Oxford. Edited by J. A. 
Stmonds, M.A. With a Memoir by H. J. S. Smith, M.A. 2 vols. 8to. 28^. 

SEASIDE MXrSINGS ON STTNBATS AND WEEK-DATS. Bj 

A. E. H. B. Crown 8yo. price ds. 6d, 

Beoreations of a Country Parson. Bj A. K, H. B. Fibst and 
Second Sebies, crown 8yo. 3s, M, each. 

The Common-place Philosopher in Town and Country. By A. X. H. B. 

Crown 8?o. price Zs, 6d. 
Leisure Hours in Town; Essays Consolatory, ^sthetical, Moral, 
Social, and Domestic. By A. E. H. B. Crown 8yo. 3s, 6d, 

The Autumn Holidays of a Country Parson ; Essays contributed to 
Frasa's Magcuine, &c. By A. E. H. B. Crown 8vo. 3s, 6d, 

The Graver Thoughts of a Country Parson. By A. K, H. B. Fibst 
and Second Series, crown 8yo. 3s. 6d. each. 

Critical Essays of a Country Parson, selected from Essays con- 
tributed to Fraser's Magazine. By A. E. H. B. Crown 8yo. 3*. 6d. 

Sunday Afternoons at the Parish Church of a Scottish XTniyersity 

City. By A. E. H. B. Crown 8yo. 3s. Qd, 

Lessons of Middle Age; with some Account of various Cities andi 
Men. By A. E. H. B. Crown 8yo. 3s, 6d. 

Counsel and Comfort spoken from a City Pulpit. By A. K. H. B. 

Crown 8yo. price 3s, 6d. 
Changed Aspects of XTnchanged Truths ; Memorials of St. Andrews 

Sundays. By A. E. H. B. Crown 8yo. 3*. 6d, 

Present-day Thoughts; Memorials of St Andrews Sundays. By 
A. E. H. B. Crown 8yo. 8^. 6d, 

8H0BT STUDIES on GBEAT SUBJECTS. By James Anthomt 
Froude, M.A.late Fellow of Exeter Coll. Oxford. 2 yols. crown 8yo. price 12«. 

LOBD MACAXTLAT'S HISCELLANEOTTS WBITINGS :— 

Library Edition. 2 yols. 8yo. Portrait, 21«, 
People's Edition. 1 yoL crown 8vo. 4*. 6d, 
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IXURD KiXIATTLATB mBCELLAKSOUB WBIXIHGSAiLd SPBSCEE8. 

BruDKHT's SDinoN, in erown 8to. price 6«. 
The Bev. STDNET SMITH'S ESSAYS contribated to the Edinbnrgli 
Beview. Authorised Bdition, complete in ItoL Grown 8to. price S«. $4. sewed 
or Ss, M. doth. 

The Bev. SYDHEY SMITH'S MISGELLANEOXTS WOBKS; indudiiig 
his Contributions to the Edinburgh Review, Crown 8yo. 6s, 

The Wit and Wiidom of the Bev. Sydney Smith ; a Selection of 
the most memorable Passages in his Writings and Conyersation. 16mo. Zs, 6tf. 

The ECLIPSE of FAITH; or, a Visit to a Keligious Sceptic "Bj 
HiSKBY BooEBS. Latest Edition. Fcp. 8vo. price 6s, 

Defenee of the Eclipse of Faith, by its Author ; a rejoinder to Dr. 
Newman's Reply, Latest Edition. Fcp 8yo. price Zs. 6d. 

CHIPS from a OEBMAir WOBKSHOF; Essays on the Science of 
Beligion, and on Mythology, Traditions, and Cnstoms. By F. Max Mt^LLKB, 
M.A.&C. Second Edition. 8 yols.' 8yo. £2. 

ANALYSIS of the FHEHOMEKA of the HXTMAN MIKD. By 

James Mill. A New Edition, with Notes, IHustratiye and Critical, bjf 
Alexander Bain, Andrew Fikdlater, and Oeorob Grotb. Edited, with 
additional Notes, by John Stuart Mill. 2 vols. 8yo. price 28«. 

An niTBODXrGTIOir to MENTAL PHILOSOPHY, on the Inductive 
Method. By J. D.. Mobxll, M.A. LL.D. 8yo. I2s, 

ELEMENTS of PSYCHOLOGY, containing the Analysis of the 
Intellectaal Powers. By J. D. Morell, M.A. LL.D. Post 8yo. 7«. 6d, 

The SECBET of HEOEL; being the Hegelian System in Origin, 
Principle, Form, and Matter. By J. H. SnRLma, LL.D. 2 yols. 8yo. 28s, 

SIB WILLIAM HAMILTON ; being the Philosophy of Perception : an 
Analysis. By J. H. Stirung, LL.D. 8yo. 5s, 

The SENSES and the INTELLECT. By Alexandeb Baik, M.D. 
Professor of Logic in the Uniyersity of Aberdeen. Third Edition. 8yo. 15s, 

MENTAL and MOBAL SCIENCE: a Compendium of Psychology 
and Ethics. By the same Author. Third Edition. Crown 8yo. 10s, 6d, Or 
separately : Part I. Mental Science, 6s. 6d, Part n. Moral Science, is, 6d, 

LOGIC, DEDXrCTIYE and INDXTCTIYE. By the same Author. In 
Two Parts, crown 8yo. 10«. 6d. Each Part may be had separately : — 
Part I. Deduction, 4s. Part II. Induction, 6s, 6d, 

TIME and SPACE; a Metaphysical Essay. By Shadworth H. 
HoDOSON. (This work coyers the whole ground of Specolatiye Philosophy.) 
8V0. price 16s, 

The THEOBT of PBACTICE ; an ETHICAL ENQUIBY. By the same 
Author. (This work, in conjunction with the foregoing, completes a system of 
Philosophy.) 2 yols. 8yo. price 24s, 

The PHILOSOPHY of NECESSITY ; or, Natnral Law as applicable to 
Mental, Moral, and Social Science. By Charlbs Bray. 8yo. 9s, 

On Force, its Mental and Moral Correlates. By the same Author. 
8yo. 5s, 
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L MAHHAL of AHTHEOPOLOGT, or SCIEKCE of MAN, based 
on Modern Beseeooh. By Ohablbs Brat. Grown 870. price 6s, 

A FHBEirOLOOIST AMOKOST the T0DA8, or the Study of a Frimi- 
tive Tribe in South India ; History, Oharacter, Onstoms, Beligion, Infanticide, 
Polyandry, Language. By W. £. Marhhat.l, Lieutenant-Colonel B.S.C. With 
26 Illustrations. 8vo. 21«. 

1 TBEATISE on HITMAir K ATXTBE ; being an Attempt to Intiodnce 
the Experimental Method <tf Beasoning into Moral Subjects. By David Hums. 
Edited, with Notes, &c. by T. H. Green, Fellow of Balliol College, Oxford ; and 
T. H. Grose, Fellow and Tutor of Queen's College, Oxford. 2 toIs. Sto. 

[/i» the press. 

B08AYS MOBAL, POLITICAL, and LITEBABT. By Datid Hume. 
By the same Editors. 2 vols. Svo. [In (he press. 

UEBEBWEG'S STSTEM of LOGIC and HI8T0BT of LOGICAL 

DOCTRINES. Translated, with Notes and Appendices, by T. M. Lindsay, 
MjSl. F.B.aE. Svo. price 16«. 

A BXTDGET of FABADOXES. By Augustus Db Morgan, F.B.A.S. 
andC.P.S. 8yo. 15«. 

Ehe O'KEEFFE CASE; a fall Eeport of the Case of the Key. Bobert 
O'Keeffe v. Cardinal CnUen, including the Evidence and the Judgments. With 
an Introduction by H. C. Kirkpatrigk, Barrister. Svo. 12^. 



Astronomy^ Meteorology^ Popular Geography^ &c. 

BBIKKLEY'S ASTBOKOMT. Eevised and partly re-written, with 
AdditiontJ Chapters, and an Appendix of Questions for Examination. By J. W. 
Stubbs, D.D. Fellow and Tutor of Trinity College, Dublin, and F. Brxjnnow, 
Ph.D. Astronomer Boyal of Ireland. Crown Svo. price 6«. 

OUTLINES of ASTBONOMY. By Sir J. F. W. Hbbschbl, Bart. 
M.A. Latest Edition, with Plates and Diagrams. Square crown Svo. 12«. 

ES8ATS on ASTBONOMY : a Series of Papers on Planets and Meteors, 
the Sun and Sun-surrounding Spnce, Stars and Star-Cloudlets ; and a Dissertation 
on the approaching Transit of Yenus. By Bichard A. Proctor, B.A. With 
10 Plates and 24 Woodcuts. Svo. 124. 

Cke XTNIVEBSE and the COMING TBANSITS : Presenting Be- 
searches into and New Views respecting the Constitution of the Heavens ; 
together with an Investigation of the Conditions of the Coming Transits of Venus. 
By B. A. Proctor, B.A. With 22 Charts and 22 Woodcuts. Svo. \6s. 

The MOON ; her Motions, Aspect, Scenery, and Fhysioal Condition. 
By B. A. Proctor, B jSl. With Plates, Charts, Woodcuts, and Three Lunar 
Photographs. Crown Svo. 16*. 

The SUN; BXTLEB, LIGHT, FIBE, and LIFE of the FLANETABY 

SYSTEM. By E. A. pRocrroR, B.A. Second Edition, with 10 Plates (7 co- 
loured) and 107 Figures on Wood. Crown Svo. 14«. 

OTHEB WOBLDS THAN OTTBS; the Plurality of Worlds Stndied 
tinder the Light of Beoent Scientific Besearches. By B. A. Progtor, B.A. 
Third Edition, with 14 mnstrations. Crown Svo. 10«. 6d, 
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The 0BB8 ABOXTND ITS ; a Series of Familiar Essays on the Hoon 
and Planets, Meteors and Comets, the Sun and Colonzed Palxs of Stars. By 
B. A. Proctor, B.A. Crown 8yo. price 7s, 6d, 

BATTTBir and its STSTEM. Bj K.. A. Pboctob, B.A. 8to. with 14 
Plates, Us, 

BCB[ELLEN'S SPECTEXTlf AHALTSI8, in its application to Teires- 
trial Substances and the Physical Constitution of the Heavenly Bodies. Trans- 
lated by Jakb and C. Lassbtj. ; edited, with Notes, by W. Huggdcs, LLJ). 
F.B.S. With 13 Plates (6 coloured) and 223 Woodcuts. 8to. price 28<. 

A B KW STAB ATLAS, for the Library, the School, and the Observatoiy, 
in Twelve Circular Maps (with Two Index Plates). Intended as a Companion 
to * Webb's Celestial Objects for Common Telescopes.' With a Letterpress 
Introduction on the Study of the Stars, illustrated by 9 Diagrams. By B. A. 
pBOcrOR, B.A. Crown 8vo. 5*. 

CELESTIAL OBJECTS for COMMON TELESCOPES. By the Bev. 
T. W. Wbbb, M.A. F.B.A.8. Third Edition, revised and enlarged ; with Maps, 
Plate, and Woodcuts. Crown 8vo. price 7s, 6d, 

AIB and BAIN; the Beginnings of a Chemical Climatology. By 
BOBBRT Anuus Shith, Ph.D. F.B.S. F.C.S. With 8 Illustrations. 8vo. 24s, 

BAXTTICAL STTBVETING, an IBTBODUCTIOB to the PBACTICAL 

and THEORETICAL STUDY of. By J. K. Laughton, M.A. Small 8vo. 6i. 

MAGNETISM and DEVIATION of the COMPASS. For the Use of 

Students in Navigation and Science Schools. By J. Mebbifisld, LL.D. 
18mo. Is. 6d, 

DOVE'S LAW of STOBMSf considered in connexion with the Ordinaiy 
Movements of the Atmosphere. Translated by B. U. Scott, M.A. 8vo. 10s, 6d, 

KEITH JOHNSTON'S GENEBAL DICTIONABT of 6E06BAPHT, 

Descriptive, Physical, Statistical, and Historical ; forming a complete Gkoetteer 
of the World. New Edition, revised and corrected to the Present Date by the 
Author's Son, Keith Johnston, F.B.G.S. 1 vol. 8vo. [^Nearly ready. 

The POST OFFICE GAZETTEEB of the XTNITED KINGDOM. Being 
a Complete Dictionary of all Cities, Towns, Villages, and of the Principal Gen- 
tlemen's Seats, in Great Britain and Ireland ; Bef erred to the nearest P(^ Town, 
Bailway and Telegraph Station : with Natural Features and Objects of Note. By 
J. A. Shabp, 1 vol. 8vo. of about 1,600 pages. [/n t/ie press. 

The PXTBLIG SCHOOLS ATLAS of MODEBN 6E0GBAPET. In 

31 Maps, exhibiting clearly the more important Physical Features of the 
Countries delineated, and Noting all the Chief Places of Historical, Commercial, 
or Social Interest. Edited, with an Introduction, by the Bev. G. Butleb, MA* 
Imp. 4to. price $s. Gd, sewed, or 5s, cloth. 

The PXTBLIC SCHOOLS MANUAL of MODEBN GEOGBAPHY. By 

the Bev. Georqe Butleh, M.A. Principal of Liverpool College ; Editor of * The 
Public Schools Atlas of Modern Geography.' [In preparation. 

The PUBLIC SCHOOLS ATLAS of ANCIENT GEOGBAPHY Edited, 
with an Introduction on the Study of Andcnt Geography, by the Bev. Gboboe 
Butler, M.A. Principal of Liverpool College. Imperial Quarto. 

[In preparation, 

A MANUAL of GEOGBAPHY, Physical, Industrial, and Political. 
By W. Hughes, F.B.G.S. With 6 Maps. Fcp.7*. 6d. 

MAUNDEB'S TBEASUBY of GEOGBAPHY, Physical, Historical, 
Descriptive, and Political. Edited by W. Hughes, F.B.G.S. Bevised Edition, 
with 7 Maps and 16 Plates. Fcp. 6s, cloth, or 10s, bound in calf. 
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Natural History and Popular Science. 

lONGMAN & CO.'S TEXT-BOOES of 8CIEKGE, MECHAHICAL and 

PHYSICAL, adapted for the use of Artisans and of Students in Public and 
Science Schools : — 

Anderson's Strength of Materials, small 8to. 8^. 6(2. 

Abmstrono's Organic Chemistry, 8^. 6d. 

Bloxam's Metals, '6s, 6d. 

Goodevb's Elements of Mechanism, 3«. 6d. 

Principles of Mechanics, 3s. 6d, 

Griffin's Algebra and Trigonometiy, 3s, 6(2. Notes, 3s.6d. 

Jenkin's Electricity and Magnetism, 3s. 6d. 

Maxwell's Theory of Heat, 3s. 6d. 

Merrifield'8 Technical Arithmetic and Mensuration, 3s, Cd, Key, 3s. 6d» 

Miller's Inorganic Chemistry, 8^. 6d. 

Shelley's Workshop Appliances, 3s. 6(2. 

Thorpe's Quantitative Chemical Analysis, 4s. Gd, 

Thorpe &, Mum's Qualitative Analysis, 3s. 6(2. 

Watson's Plane and Solid G^eometry, 3s. 6d. 

*«* Other Text- Books in active preparation. 

ELEMEKTABT TBEATI8E on PHYSICS, Experimental and Applied. 
Translated and edited from Ganot's £Uments de Physique by E. Atkinson, 
Ph.D. F.C.S. Nevr Edition, revised and enlarged ; with a Coloured Plate and 
726 Woodcuts. Post 8vo. 15«. 

ETATTTBAL PHILOSOPHY for GEKEBAL BEABEB8 and YOXTKa 

PEBSONS ; being a Course of Physics divested of Mathematical Formulas 
expressed in the language of daily life. Translated from Ganot's Cours de 
Physique and by E. Atkinson, Ph.D. F.C.S. Crown 8vo. with 404 Woodcuts, 
price Is. 6<2. 
HELHHOLTZ'S POPTTLAB LECTTTBES on SCIENTIFIC SUBJECTS. 
Translated by E. Atkinson, Ph.D. F.C.S. Professor of Experimental Science, 
Staff College. With an Introduction by Professor Tyndall. 8vo. with nume- 
rous Woodcuts, price 12«. 6c2. 

SOXTND : a Course of Eight Lectures delivered at the Eoyal Institution 
of Great Britain. By John Tyndall, LL.D. D.C.L. F.B.S. New Edition, 
with 169 Woodcuts. Crown 8vo. 9*. 

HEAT a MODE of MOTION. By John Tyndall, LL.D. D.C.L. 
F.a.S. Fourth Edition. Crown 8vo. with Woodcuts, 10<. 6c2. 

CONTBIBUTIONS to MOLECULAB PHYSICS in the DOMAIN of 

RADIANT HEAT. By J. Tyndall, LL.D. D.C.L. F.R.S. With 2 Plates and 
31 Woodcuts. 8vo. 16*. 
BESEABCHES on DIAMAGKETISM and MAGKE-CBTSTALLIC 

ACTION ; including the Question of Diamagnetic Polarity. By J. Tyndall, 
M.D. D.C.L. F.R.S. With 6 plates and many Woodcuts. 8vo. 14*. 

ROTES of a COUBSE of SEVEN LECTUBES on ELECTBICAL 

PHENOMENA and THEORIES, delivered at the Royal Institution, A.D. 1870. 
By John Tyndall, LL.D., D.C.L., F.R.S. Crown 8vo. Is. sewed ; 1*. Qd. cloth. 

ELEMENTABT TBEATISE on the WAYE-THEOBT of LIGHT. 

By Humphrey Lloyd, D.D. D.CL. Provost of Trinity College, Dublin. Third 
Edition, revised and enlarged. 8vo. price 10*. 6d. 

LECTUBES on LIGHT delivered in the United States of America in 
the Years 1872 and 1873. By John Tyndall, LL.D. D.C.L. F.R.S. With 
Frontispiece and Diagrams. Crown 8vo. price Is. 6rf. 
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NOTES of a COTTBSE of HINE LECTTJBES on LIGHT delivered at the 
Royal Institution, a.d. 1869. By Joiix Ttndaix, LL.D. D.C.L. F.R.S. 
Crown 8to. prioelf. sewed, or It, M, cloth. 

FEAOMENTS of SCIENCE. Bj John Tyndaix, LL.D. D.C.L. F.K.S. 
Third Edition. 8vo. price 14«. 

LIGHT SCIENCE for LEISTTBE HOXTBS; a Series of Familiar 
Essays on Scientific Subjects, Natural Phenomena, &c By B. A. Pbociob, 
* B.A. First and Second Scries. Crown Svo. 7«. 6d. each. 

The COEEELATION of PHYSICAL FOBCES. By the Hon. Sir W. R 
Orovb, M.A. F.R.S. &c. Sixth Edition, with other Contributions to Science. 
Svo. lln the press. 

Professor OWEN'S LECTTTBE8 on the COMPABATIVS ANATOHT 

and Physiology of the Invertebrate Animals. Second Edition, with 285 Woodcuts. 
8vo. 21«. 

The COMPABATIYE ANATOKYand PHYBI0L06Y of th« YEBTE- 

BRATE ANIMALS. By RiCHAKD OwsK, F.R.S. D.C.L. With 1,472 Woodcuts. 
8 vols. Svo. £8. 13s, 6d. 

PBINCIPLES of ANIMAL MECHANICS. By the Bev. S. Hattohton, 
P.R.S. Fellow of Trin. Coll. DhW. M.D. Dubl. and D.C.L. Ozon. Second 
Edition, with 111 Figures on Wood. Svo. 21«. 

The EABTH and MAN ; or, Physical Geography in relation to the 
History of Mankind. Slightly Abridged from the French of A. GuizoT, with a 
few Notes. Fifth Edition. Fcp. Svo. 2s, 

BOCKS CLASSIFIED and DESCBIBEB. By Bebkhabd Von Ootta. 
English Edition, by P. H. Lawrence; with English, Grerman, and French 
Synonymes. Post Svo. 14*. 

GEOLOGY SIMPLIFIED for BEGINNEBS. By A. C. Eamsat, LL.D. 
F.R.S. Forming part of the Rev. G. R. Gleig's New School Series. ISmo. 

lln the press. 

The ANCIENT STONE IMPLEMENTS, WEAPONS, and OBNA- 

MENTS of GREAT BRITAIN. By John Evaxs, F.R.S. F.S.A. With 2 Plates 
and 476 Woodcuts. Svo. price 28^. 

The OBIGIN of CIVILISATION and the PBIMITIYE CONDITION 

of MAN ; Mental and Social Condition of Savages. By Sir John Lubbock* 
Bart. M.P. F.R.S. Second Edition, with 26 Woodcuts. Svo. price 16*. 

BIBLE ANIMALS; being a Description of every Living Creature 
mentioned in the Scriptures, from the Ape to the Coral. By the Rev. J. G. 
Wood, M.A. F.L.a With about 100 Vignettes on Wood. Svo. 21*. 

HOMES WITHOUT HANDS ; a Description of the Habitations of 
Animals, classed according to their Principle of Construction. By the Rev. J. 
G. Wood, M.A. F.L.S. With about 140 Vignettes on Wood. Svo. 21«. 

INSECTS AT HOME ; a Popular Account of British Insects, their 
Structure, Habits, and Transformations. By the Rev. J. G. Wood, H.A. FX.S. 
With upwards of 700 Illustrations. Svo. price 21s, 

INSECTS ABBOAD; a Popular Account of Foreign Insects, their 
Structure, Habits, and Transformations. By J. G. Wood, MJL F.L.S. Printed 
and illustrated uniformly with ' Insects at Home/ to which it will form a 
Sequel and Companion. [/n the press. 
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STBAKOE DWELLINGS; a description of the Habitations of 
Animals, abridged from * Homes -without Hands.* I^ the Ber. J. O. Wood, 
M.A. F.L^. With about 60 Woodcut Illustrations. Crown 8yo. price 7s, 6d, 

OUT of D00B8 ; a Series of Essays on Natural History. By the Key. 
J. G. Wood, M.A. F.L.S. With Six Illustrations from Original Designs engraved 
on Wood by G, Pearson. Crown 8vo. [^Niearly ready, 

A FAMILIAE HISTOEY of BIEDS. By E. Stanlet, D.D. F.R.S. 
late Lord Bishop of Norwich. Seventh Edition, with Woodcuts. Fcp. 8«. 6d, 

FEOM JAinrAEY to BECEHBEE ; a Book for Children. Second 
Edition. 8vo. 8^. 6d. 

The HAEMONIES of EATUEE and XTHITY of CEEATION. By Dr. 

Gborob Habtwig. 8to. with numerous Illustrations, 18«. 

The SEA and its LIVING WONDEES. By Dr. Geobgk Habtwig. 
Latest rerisod Edition. 870. with many Illustrations, 10«. 6d. 

The TEOPICAL WOELD. By Dr. Geosgb HASTwia. With above 160 
Illustrations. Latest revised Edition. 8vo. price 10«. 6d, 

The STTBTEEEANEAN WOELD. By Dr. Gbobge Habtwio. With 
8 Maps and about 80 Woodcuts, including 8 full size of page. 8vo. price 21«. 

The POLAE WOELD, a Popular Description of Man and Nature in the 
Arctic and Antarctic Begions of the Globe. By Dr. Gborob Habtwio. With 
8 Chromozylographs, 3 Maps, and 85 Woodcuts. 8vo. 10«. 6d, 

SIEBY and SPEHCFS lETEODDCTIOH to EETOMOLOCFY, or 

Elements of the Natural History of Insects. 7th Edition. Crown 8vo. Ss. 

XADNDEE'S TEEASDEY of EATXTEAL HIdTOEY, or Popular 
Dictionary of Birds, Beasts, Fishes, Beptiles, Insects, and Oreeping Things. 
With above 900 Woodcuts. Fcp. 8vo. price 6s, cloth, or 10s, bound in calf. 

HAHDBOOK of HAEDY TEEES, SHEDBS, and HEEBACEOTTS 

PLANTS, containing Descriptions, Natiye Countries, &c. of a Selection of th« 
Best Species in Cultivation ; togeth^ with Cultural Details, Comparattve 
Hardiness, Suitability for Particular Positions, &c. By W. B. Hemslet, for- 
merly Assistant at the Herbarium of the Boyal Gajrdens, Kew. Based on 
Decaisne and NAUDm's Manuel de V Amateur des Jardins, and including the 264 
Original Woodcuts. Medium 8vo. 21s, 

A GEHEEAL SYSTEM of BOTANY DESCEIFTIYE and ANALYTICAL. 

I. Outlines of Organography, Anatomy, and Physiology ; n. Descriptions and 
Hlustratiotts of the Orders. ByB. Lb Maout, and J. Dboaisne, Members of 
the Institute of France. Translated by Mrs. Hookeb. The Orders arranged 
after the Method followed in the Universities and Schools of Great Britain, its 
Colonies, America, and India ; with an Appendix on the Natural Method, and 
other Additions, by J. D. Hooker, F.B.S. dec. Director of the Boyal Botanical 
Gardens, Kew. With £,500 Woodcuts. Imperial 8yo. price 52«. 6<^ 

The TEEASTTEY of BOTANY, or Popular Dictionary of the Vegetable 
Kingdom ; including a Glossary of Botanical Terms. Edited by J. Lindlet, 
F.B.S. and T. Moobb, F.L.S. assisted by eminent Contributors. With' 274 
Woodcuts and 20 Steel Plates. Two Parts, fcp. 8vo. 12«. cloth, or 20«. calf. 

The ELEMENTS of BOTANY for FAICILIEB and SCHOOLS. 

Tenth Edition, revised by Thomas Moobe, FX.S. Fcp.- with 154 Wood- 
cuts, 2s, 6d, 
The EOSE AXATEDE'S OTTIDE. By Thouas Bitbbs. Fourteenth 
Edition. Fcp. 8vo. is. 
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XOVBOH'B EHCTCLOFJEDIA of PLANTS ; comprising the Specific 
Character, Description, Cnlture, History, &c. of all the Plants foond in 
Great Britain. With upwards of 12,000 Woodcnts. 8vo. 42t, 

XAXTHDEB'S SCIEHTIPIO and LITESABT TBEASTTBY. New 

Edition, thoroughly revised and in great part rewritten, with above 1,000 
new Articles, by J. Y. JoHMSoy, Corr. M^.S. Fcp. 6i, cloth, or 10«. calf. 

A DICTIOKABY of SCIEITCE, LITEBATTTBE, and ABT. Fomrth 
Edition, re-edited by W. T. Brakdb (the original Author), and O&obob W. 
Cox, MJL., assisted by contributors of eminent SdentLfio and Literaiy 
Acquirements. 8 vols, medium 8to. price 68«. cloth. 



Chemistry, Medicine, Surgery, and the 
Allied Sciences. 

A DIGTIOHABY of CHEMI8TBY and the Allied Branches of other 
Sciences. By Henrt Watts, F.B.a assisted by eminent Contributors. 
Complete in 6 vols, medium Svo. price £8. lAs, 6d, Supplement in the Preu, 

ELEHElTTSof GHEHISTBY, Theoretical and Practical. By W. Aij^en 
MiiiLEB, M.D. late Prof, of Chemistry, King's Coll. London. New 
Edition. 3 vols. 8vo. £3. Part I. Chemical Physics. 16*. Part H. 
Imoboanio Chemistry, 2U. Part in. Oroahio Chemistry, 24s. 

A Course of Praotical Chemistry, for the use of Medical Students. 
By W. Odling, F.B.S. New Edition, with 70 Woodcuts. Crown 8vo. 7s, Bd, 

A MANXTAL of CHEMICAL PHYSIOLOGY, including its Points of 
Contact with Pathology. By J. L. W. Thudichum, M.D. With Woodcuts. 
8to. price Is, 6d, 

SELECT METHODS in CHEMICAL ANALYSIS, chiefly IHOB- 
GANIG. By William Crookes, F.B.S. With 22 Woodcuts. Crown Sro. 
price I2s, 6d, 

A HANDBOOK of DYEING and CALICO PRINTING. By William 

Crookes, F.B.S. Illustrated with numerous Specimens of Dyed Textile Fabrics. 
Svo. [In the Spring. 

XECTXTBES on the DISEASES of INFANCY and CHILDHOOD. Bj 

Charles West, M.D. &c. Sixth Edition, revised and enlarged. 8vo. 18s. 

The SCIENCE and AST of SUBGEBY ; being a Treatise on Surgical 
Injuries, Diseases, and Operations. By John Eric Erichsen, Senior 
Surgeon to University College Hospital, and Holme Professor of Clinical 
Surgery in University College, London. The Sixth Edition, with 712 Wood- 
cuts. 2 vols. Svo. price 32^. 

A SYSTEM of SXTBGEBY, Theoretical and Practical. In Treatises 
by Various Authors. Edited by T. Holmes, M.A. &c. Surgeon and Lectarer 
on Surgery at St. George's Hospital. Second Edition, thoroughly revised, 
with numerous Illustrations. 6 vols. Svo. £5. 6s, 

The SUBGICAL TREATMENT of CHILDREN'S DISEASES. By 
T. Holmes, M.A. Sic, late Surgeon to the Hospital for Sick Children. 
Second Edition, with 9 plates and 112 Woodcuts. Sve. 21s, 



\ 
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LECTURES on tbe PBIKCIPLES and PRACTICE of PHYSIC. By 

Sir Thohas Watson, Bart. M.D. Fifth Edition, thoroaghly reyised.- 
2 vols. 8to. price 36«. 

LECTURES on SURGICAL PATHOLOGT. By Sir James Paget, 
Bart. F.B.S. Third Edition, revised and re-edited by the Author and 
Professor W. Turner, M.B. 8vo. with 134 Woodcuts, 21*. 

On the SURGICAL DISEASES of the TEETH and COITTIGUOUS 

STBUCTURES, with their Treatment. By 8. James A. Salter, M.B. F.B.S# 
Dental Surgeon to Guy's Hospital. 8vo. with numerous Illustrations. 

[In the Autumn. 

A TREATISE on MEDICAL ELECTRICITY, THEORETICAL and 
Practical ; and its Use in the Treatment of Paralysis, Neuralgia, and other 
Diseases. By Julius Althaus, M.D. M.R.C.P. &c. Third Edition, enlai^ed 
and revised ; with 147 Illustrations. Svo. price 18*. 

LECTURES on FEVER delivered in the Theatre of the Meath Hospital 
and County of Dublin Infirmary. By W. Stokes. M.D. F.B.S. Physician to the* 
Queen in Ireland. Edited by J. W. Moore, M.D. F.K.Q.C.P. Svo. 16*. 

The SEIH-MILK TREATMENT of DIABETES and BRIGHT'S 

DISEASE ; with Clinical Observations on the Symptoms and Pathology of 
these Affections. By A. S. Donkin, M.D. &c. Crown 8vo. 10*. 6d, 

QUAIN'S ELEMENTS of ANATOMY. Seventh Edition [1867], 
edited by W. Sharpey, M.D. F.B.S. Allen Thomson, M.D. F.B.S. and 
J. Cleland, M.D. With upwards of 800 Engravings on Wood. 2 vols. Svo. 
price 31*. 6d. 

ANATOMY, DESCRIPTIVE and SURGICAL. By Henry Gbat, 
F.B.S. With about 400 Woodcuts from Dissections. Sixth Edition, by 
T. Holmes, M.A., with a new Introduction by the Editor. Eoyal 8vo. 28*. 

A TREATISE on the CONTINUED FEVERS of GREAT BRITAIN. 

By Charles Murchison, M.D. LL.D. F.B.S. F.B.C.P. &c. Second Edition, 
revised and enlarged, with numerous Illustrations. Svo. price 24«. 

CLINICAL LECTURES on DISEASES of the LIVER, JAUNDICE, 

and ABDOMINAL DBOPSY. By Charles Murchison, M.D. &c. New 
Edition, preparing for publication. 

OUTLINES of PHYSIOLOGY, Human and Comparative. By John 
Marshall, F.B.C.S. Surgeon to the University College Hospital. 2 vols, 
crown Svo. with 122 Woodcuts, 32*. 

PHYSIOLOGICAL ANATOMY and PHYSIOLOGY of MAN. By the 
late B. B. Todd, M.D. F.B.S. and W. Bowman, F.B.S. of King's College. 
With nimierous Illustrations. Vol. 11. Svo. 25*. 

Vol. I. New Edition by Dr. Lionel S. Beale, F.B.S. in course of publi- 
cation, with many Illustrations. Parts I. and II. price 7*. 6d. each. 

COPLAND'S DICTIONARY of PRACTICAL MEDICINE, abridged 
from the larger work and throughout brought down to the present State 
of Medical Science. Svo. 3Gs, 

DR. PEREIRA'S ELEMENTS of MATERIA MEDICA and THERA- 
PEUTICS, abridged and adapted for the use of Medical and Pharmaceutical 
Practitioners and Students; and comprising all the Medicines of the 
British Pharmacopceia, with such others as are frequently ordered in Pre- 
scriptions or required by the Physician. Edited by Professor Bentley, 
F.L.S. &c. and by Dr. Eedwood, F.C.S. &c. With 126 Woodcut niufltra- 
tlons. Svo. price 25«. 

B 
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The ESBEHTIALS of MATEBIA HEDICA and THEEAPEXTTICS. 

By Alfbkd Barino Gabrod, M.D. F.B.S. tic, PhyBidan to King's Collego 
HoepitaL Third Edition. Seyenth Impression, brought np to 1870. Grown 
8to. price 12«. 6d, 

The Fine ArtSy and Illustrated Editions. 

A BICTIOITABT of ABTI8J8 of the ENGLISH SCHOOL: Painters, 
Sculptors, Architects, Engravers, and OmamentiBts ; with Notices of their Lives 
and Works. By 8. Ebogratb. Sto. 16j. 

The THREE CATHEDBALS DEDICATED to ST. PAUL, in LOKDOK; 
their History from the Foundation of the First BuUding in the Sixth Oentoxy 
to the Proposals for the Adornment of the Present Cathedral. By Wiluax 
Longman, F.A.S. with numerous Illnstrations. Square crown 8yo. parioe 21«. 

OBOTESQXTE AHIMALS, invented, described, and portrayed by E. W. 
CooKB, BJL. F.B.a F.G.S. F.Z.S. dec. in Twenty-fonr Plates, with Eloddatory 
Comments. Boyal 4to. 2U, 

IH FAIBTLAND; Pictures from the Elf-World. By Bichabd 
DOTLB. With a Poem by W. Alungham. With Sixteen Plates, containing 
Thirty-six Designs printed in Colours. Folio, 31«. 6d. 

ALBEBT DTJBEB, HIS LIFE and WOBXS; including Auto- 
biographical Papers and Complete Catalogues. By William B. Scoit. 
Witii Six Etchings by the Author, and other Illustrations. Sto. 18c. 

The K EW TESTAMENT, illustrated with Wood Engravings after the 
Early Masters, chiefly of the Italian School. .Crown 4to. 63«. cloth, gilt top ; 
or £5 6«. elegantly bound in morocco. 

XTBA OEBMANICA ; the Christian Year. Translated by Cathebinb 
Winkworth; with 125 Illustrations on Wood drawn by J. Lbiohion. 
P.S.A. 4to.21«. 

XTBA OEBllANICA ; the Christian Life. Translated by Cathbrinb 
Winkworth ; with about 200 Woodcut Illustrations by J. Leighton, F.SJL 
and other Artists. 4to. 21«. 

The LIFE of HAN STUBOLISED by the MONTHS of the YEAB. 

Text selected by B. Floor ; Illustrations on Wood from Original Designs by 
J. Lbighton, F.S.A. 4to. 42«. 

OIATS' and FABLIKS MOBAL EMBLEMS ; with Aphorisms, Adages, 
and Proverbs of all Nations. 121 Illustrations on Wood by J. Leighton» 
F.aA. Text selected byB. PiGOT. Imperial Sto. Zls, %d. 

4ACBED and LEOENDABT ABT. By Mrs. Jameson. 

Xegends of the Saints and Martyts. New Edition, with 19 
Etchings and 187 Woodcuts. 2 vols, square crown Sto. 31«. 64. 

Legends of the Monastic Orders. New Edition, with II Etchings 
and 88 Woodcuts. 1 vol. square crown 8to. 21«. 

Legends of the Madonna. New Edition, with 27 Etchings and 
166 Woodcuts. 1 vol. square crown 8vo. 21*. 

The History of Onr Lord, with that of his Types and Precursors. 
Cknnpleted by Lady Eastlakb. Beyised Edition, with 81 BtchfDgs and 
281 Woodcuts. 2 Tols. square crown 8yo.42«. 
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The Useful Arts^ Manufactures^ &c. 

EISTOBY of the GOTHIC BEVIVAL ; an Attempt to shew how i»x 
the taste for Mediaeyal Architectare was retained in England during the 
last two centuries, and has been re-developed in the present. By G. L. East- 
LAKB, Architect. With 48 Hlostrations Imperial 8yo. 81«. M. 

eWILT*B EHGTCLOPJEDIA of ABCHITECTITBE, with above 1,600 
Sngraylngs on Wood. Fifth Edition, revised and enlarged by Wtait 
Pafwobth. 8vo. 62*. 6<f. 

AXAKTTAL of ABCHITECTTTBE : being a Concise History and 
Explanation of the principal Styles of European Architecture. Ancient, 
MedisBval, and Benaissance; with a Glossary of Technical Terms. By 
Thohas MrrcHBLL. Crown 8vo. with 150 Woodcuts, 10«. 6(2. 

HINTS on HOXrSEHOLD TASTE in FXTENITXTBE, UFHOLSTEBY, 

and other Details. By Chaklbs L. Eastlake, Architect. New Edition, 
with about 90 Illustrations. Square crown 8vo. 14«. 

FBIHCIPLES of MECHAKISM, designed for the Use of Students in 
the Universities, and for Engineerkig Students generally. By B*- 
WnjJS, MJL. F.B.S. &c. Jacksonian Professor in the University of Cam- 
bridge. Second Edition, enlarged ; with 374 Woodcuts. 8vo. 18«. 

OEOMETBIC TXTBNING : comprising a Description of Plant's New 
Geometric Chuck, with directions for its use, and a series of Patterns cut \jj 
it, with Explanations. By H. S. Savory. With numerous Woodcuts. 8vo.2U, 

LATHES and TXTBKING, Simple, Mechanical, and OBNAMENTAL. 

By W. Henby Nobthcott. With about 240 Illustrations on Steel and 
Wood. 8vo. 18*. 

FEBBFECTIVE ; or, the Art of Drawing what One Sees. Explained 
and adapted to the use of those Sketching from Nature. By Lieut. W. H« 
Collins, B.E. F.B.A.S. With 87 Woodcuts. Crown 8vo. price 5«. 

IHDXrSTBIAL CHEMISTBT; a Manual for Manufacturers and for 
nse in Colleges or Technical Schools. Being a Translation of Professors Stohmann 
and Bugler's Qerman Edition of Payen's Pr4ci» de Chitnie InduttrielUy by Dr. 
J. D. Babby. Edited and supplemented by B. H. Paul, Ph.D. 8vo. with Plates 
and Woodcuts. [In the press, 

tJBE'S BIGTIONABT of ABTS, MANXTFACTUBES, and MIHES. 

Sixth Edition, rewritten and enlai^ged by Bobbbt Hukt, FJI.S. assisted by 
numerous Contributors eminent in Science and the Arts, and familiar wi& 
Manufactures. With above 2,0(K) Woodcuts. 8 vols, medium 8vo. £4 14<. 6d, 

HANDBOOK of FBACTIGAL TELEGBAFHY. By B. S. Cuixey, 
Memb. Inst. C.E. Engineer-in-Chief of Telegraphs to the Post OfEice. Siztb 
Edition, with 144 Woodcuts and 6 Plates. 8vo. price IBs, 

The EKOINEEB'S HANDBOOK; explaining the Principles which 
should guide the Young Engineer in the Construction of Machinery, with the 
necessary Bules, Proportions, and Tables. By C. S. Lowimss. Post 8vo. 6s, 

SKOYOLOFJEDIA of CIVIL EHOINEEBIir 6, Historical, Theoretxcal, 
andPncticaL By E. Cbbsy, C.B. With above 8,000 Woodcuts. 8vo.42«. 

The STBAIHS IN TBXTSSES Computed by means of Diagrams ; with 
30 Bzamples drawn to Scale. By F. A. Banxen, MJL. C.B. With 35 Dia- 
grams. Square crown 8yo. 6«. 6(1. 
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TBEATISE on MILLS and MILLWOBK. By Sir W. Faibbaibit, 

Bart. F.B.S. New Edition, with 18 Plates and 322 WoodcntB, 2 vote. 

8to. 82«. 
USEFUL IKFOBMATION for ENOINEEES. By Sir W. Fairbiibn, 

Bart. F.B.S. Revised Edition, with numeroua Illtustrations. 3 yolg. crown 8to. 

price 31«. 6d. 

The APPLICATION of CAST and WBOUGHT IBON to Building 
Pnrposes. By Sir W. Fairbairn, Bart. F.B.S. Fourth Edition, enlarged ; with 
6 Plates and 118 Woodcuts. 8yo. price 16«. 

OUNS and STEEL; Miscellaneous Papers on Mechanical Subjects. 
By Sir Joseph Whttwobth, Bart. G.B. F.B.S. LL.D. D.G.L. Boyal Svo. with 
ninstrations, 7s. 6d. 

A TBEATISE on the STEAM ENGIITE, in its various Applications 
to Mines, Mills, Steam Nayigation, Bailways, and Agricnltnre. By J. Boubnx^ 
O.E. Eighth Edition ; with Portrait, 87 Plates, and 646 Woodcuts. 4to. 424. 

CATECHISM of the STEAM ENGINE, in its various Applications ta 
Mines, Mills, Steam Nayigation, Bailways, and Agriculture. By the samt 
Author. With 89 Woodcuts. Fcp. 6t. 

HANDBOOK of the STEAM ENGINE. By the same Author, forming 
a Key to the Catechism of the Steam Engine, with 67 Woodcuts. Fcp. 9«. 

BOUBNE'S BECENT IMPBOVEMENTS in the STEAM ENGINE in it& 

various applications to Mines, Mills, Steam Navigation, Bailways, and Agri- 
culture. By John Bourne, C.E. New Edition including many New Examples 
with 124 Woodcuts. Fcp. 8ro. Os, 

PBACTICAL TBEATISE on METALLUBG7, adapted from the last 
German Edition of Professor Esrl's Metallurgy by W. Grookbs, F.B.S. &c. 
and E. Bohrig, Ph.D. M.B. With 626 Woodcuts. 8 vols. 8vo. price £4 19*. 

MITCHELLS MANUAL of PBACTICAL ASSAYING. Fourth Edi- 
tion, for the most part rewritten, with all the recent Discoveries incorporated, 
by W. Crookes, F.B.S. With 199 Woodcuts. 8vo. 31^. 6d. 

LOUDON'S ENCYCLOPAEDIA of AGBICULTUBE: comprising the 
Laying-out, Improvement, and Management of Landed Property, and the Chilti- 
vation and Economy of Agricultural Produce. With 1,100 Woodcuts. 8vo. 21*. 

London's EncyclopsBdia of Gardening: comprisins: the Theory and 
Practice of Horticulture, Floriculture, Arboriculture, and Landscape Gardeninir. 
With 1,000 Woodcuts. 8vo. 21*. " 

BAYLDON'S ABT of VALUING BENTS and TILLAGES, and Claims 
of Tenants upon Quitting Farms, both at Michaelmas and Lady Day. Eighth 
Edition, revised by J. 0. Morton. 8vo. 10*. 6(i. 



Religious and Moral Works. 

INTBODUCTION to the SCIENCE of BELIGION. Four Lectures 
delivered at the Boyal Institution ; with Two Essays on False Analogies and 
the Philosophy of Mythology. By F. Max MtiXLER, M.A. Crown 8vo. 10*. 6<2, 

SUPEBNATUBAL BELIGION ; an Inquiry into the Eeality of Divine 

Bevelation. 2 vols. Svo. 24*. 
ESSAYS on the HISTOBY of the CHBISTIAN BELIGION. By John 

Earl BussBLL. Cabinet Edidon, revised. Fcp. Svo. price 3*. 64. 
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The SPEAK£B*S BIBLE COMMEKTABT, by Bishops and other 
Clergy of the Anglican Church, critically examined by the Bight Bev. J. W. 
CoLBNSO, D.D. Bishop of Natal. 8vo. Part I. OenesU, 3s. 6d. Part IL 
Exodui, is. 6d. Part ni. LevUicus, 2s. Qd. Part IY. Numbers, 8«. 6<f. 
Fart Y. Ikuteronomv, 5s. 

The OUTLINES of the CHBISTIAN MINISTBT DELINEATED, and 

brought to the Test of Beason, Holy Scripture History, and Experience, with a 
view to the Beoonciliation of Existing Differences concerning it, especially 
between Presbyterians and Eplscoi»lians. By C. Wordsworth, D.O.L. Bishop 
of St. Andrews. Crown Svo. price 7$. 6d, 

CHBIST the CONSOLEB; a Book of Comfort for the Sick. With a 
Preface by the Bight Ber. the Lord Bishop of Carlisle. SmaU 8yo. price 6*, 

BEASONS of EAITH ; or, the OKDER of the Christian Argument 
Developed and Explained. By the Bev. G. S. Drew, M JL. Second EditiODa 
revised and enlarged. Fcp. 8vo. price Bs, 

SYNONYMS of the OLD TESTAMENT, their BEABING on CHBIS- 

TIAN FAITH and PBACTICB. By the Bev. B. B. Girdlkotonb, M.A. Sva 16#. 

The ANTIQUITIES of I8BAEL. By Heinbich Ewald, Professor of 
the University of Gbttingen. Translated from the Cferman. 8vo. [Jn the press. 

An INTBODUCTION to the THEOLOGY of the CHUBCH of 

ENGLAND, in an Exposition of the Thirty-nine Articles. By the Bev. T. P. 
BouLTBEE, LL.D. New Edition, Fcp. 8vo. price 6s. 

FUNDAMENTALS ; or, Bases of Belief concerning MAN and GOD : 
a Handbook of Mental, Moral, and Beligioos Philosophy. By the Bev. T. 
Griffith, M.A. 8vo. price lOs. 6d. 

8EBM0NS for the TIMES preached in St. Paul's Cathedral and 
elsewhere. By the Bev. Thomas Griffith, M.A. Prebendary of St. Paul's. 
Crown 8vo. 6s. 

PBAYEBS for the FAMILY and for PBIVATE USE, selected 

from the COLLECTION of the late BABON BUNSEN, and Translated by 
Cathsrinb Winkworth. Fcp. 8vo. price 3^. 6d. 

An EXPOSITION of the 39 ABTIGLES, Historical and Doctrinal. 
By E. Harold Browne,.D.D. Lord Bishop of Winchester. Ninth Edit. 8vo. 16s, 

The LIFE and EPISTLES of ST. PAUL. By the Eev. W. J. 

CoNYBEARB, M.A., and the Very Bev. J. S. Howson, D.D. Dean of Chester :— 
Library Edition, with all the Original Illustrations, Maps, Landscapes on 

Steel, Woodcuts, &c. 2 vols. 4to. 48«. 
Intermediate Edition, with a Selection of Maps, Plates, and Woodcntl. 

2 vols, square crown 8vo. 21^. 
Student's Edition, revised and condensed, with 46 Illustrations and Maps. 

1 vol. crown Svo. price 9*. 
The VOYAGE and SHIPWBECK of ST PAUL ; with Dissertations 

on the Life and Writings of St. Luke and the Ships and Navigation of tho 

Ancients. By James Smith, F.B.S. Third Edition. Crown Svo. lOs. 6d. 
COMMENTABY on the EPISTLE to the BOMANS. By the Key. 

W. A. O'CoNOR, B.A. Bector of St. Simon and St. Jade, Manchester. Crown 

8vo. price 3s. 6d, 
The EPISTLE to the HEBBEWS ; with Analytical Introduction and 

Notes. By the Bev. W. A. O'Conor, B.A. Crown 8vo. price is. 6d. 

ST. MABK'S GOSPEL; Greek Text, with English Vocabulary. Edited 
the Bev. J. T. White, D.D. Oxon. 32mo. 1*. 6d, 
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ST. JOHN'S GOSPEL; Greek Text, with English Vocabulary. Edited 
by the Bev. J. T. Whttb, D.D. Ozon. 82mo. IJust ready. 

A CBmCAL and GBAMMATICAL GOMMENTAET on ST. PAUL'S 

Epistles. By 0. J. Ellicott, D.D. Lord Bishop of Glonoester and Bristol. 8yo» 
Oalatiani, Fourth Edition, 8«. 6<2. 
Epheiiani, Fourth Edition, 8«. 6<2. 
Pastoral Epistlei, Fourth Edition, 10«. 6i. 
Philippiani, Coloisiani, and Philemon, Third Edition, 10«. 6(f. 
Thessaloniani, Third Edition, 7«. 6(f. 
HI8T0BICAL LECTUBES on the LIFE of OUB LOBD. By 

O.J. ELiJCOTr,D.D. Bishop of Gloucester and Bristol. Fifth Edition. 8yo. 124. 

SVIDEKCE of the TBUTH of the CHBISTIAN BELIGION derived 

from the Literal Fulfilment of Prophecy. By Ajjexandbb Keith, D.D. 37ih 
Edition, with numerous Plates, in square 8to. 124. 6d. ; also the 89th Edition, in 
post Syo. with 5 Plates, 64. 

The HISTOBT and LITEBATUBE of the ISBA^LITES, according 
to the Old Testament and the Apocrypha. By C. Db Bothschild and A. Ds 
BoTHSCHn.D. Second Edition, revised. 2 vols, post Svo. with Two Hape, 
price 124. 6^ Abridged Edition, in 1 vol. fcp. Svo. price 34. 6d. 

An INTBODUCTION to the STUDT of the NEW TESTAMENT^ 

Critical, Exegetical, and Theological. By the Bev. S. Davidson, D J). LL J). 
2 vols. Svo. 804. 
HISTOBY of ISBAEL. By H. Ewald, Prof, of the Univ. of Gottin- 
gen. Translated by J. E. Oarpenteb, M.A., with a Preface by Bussell Mab- 
TiNEAn, M.A. 5 vols. Svo. 63s. 

The TBEASUBT of BIBLE KNOWLEDGE ; being a Dictionary of the 
Books, Persons, Places, Events, and other matters of which mention is made in 
Holy Scripture. By Bev. J. Ayrb, M.A. With Maps, 16 Plates, and numerous 
Woodcuts. Fcp. Svo. price 64. cloth, or IO4. neatly bound in calf. 

LECTUBES on the PENTATEUCH and the MOABITE STONE; 

with Appendices on the Elohistio Narrative, the Original Story of the Exodus^ 
and the Pre-Christian Cross. By the Bight Bev. J. W. Colenso, D.D. Bishop 
of Natal. Svo. 124. 

The PENTATEUCH andBOOKof JOSHUA CBITIGALLT EXAMINED. 

By the Eight Bev. J. W. Colknso, D.D. Bishop of Natal. Crown Svo. 64. 

AUTHOBITT and CONSCIENCE ; a Free Debate on the Tendency of 

Dogmatic Theology and on the Characteristics of Faith. Edited by Conway 

Morel. Post Svo. Is. M. 
A VIEW of the SCBIPTUBE BEVELATIONS CONCEBNING a 

FUTURE STATE. By Richard Whately, D.D. late Archbishop of Dublin, 

Ninth Edition. Fcp. Svo. 54. 
TEXTS and THOUGHTS for CHBISTIAN MINISTEBS. By J. 

HARDDca, D.D. late Bishop of Bombay. [/n the press, 

THOUGHTS for the AGE. By Elizabeth M. Setvell, Author of 
* Amy Herbert,* &c. New Edition, revised. Fcp. Svo, price 54. 

Passing Thoughts on Beligion. By Miss Sewell. Fcp. 8to. 3« 6^. 

Self-Examination hefore Confirmation. By Miss Seweix. 32mo. 
price I4. 6d. 
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Beadingi for a tfontli Preparatory to Confirmation, from Writerv 
of the Early and English Church. By Miss Sewell. Fcp. is, 

Beadingi for Every Day in Lent, compiled from the Writings of 
Bishop Jeremy Taylor. By Miss Sewell. Fcp. St. 

Preparation for the Holy Communion ; the Devotions chiefly £rom 
the Works of Jeremy Taylor. By Miss Sewell. 82mo. 3t, 

THOUeHTS for the HOLT WEEK for Tonng Persons. By Miss 
Sewell. New Edition. Fcp. 8to. 2*. 

PBINCIPLES of EDUCATION Drawn from Nature and Bevelation, 

and applied to Female Education in the Upper Classes. By Miss Sewell. 
2 vols. fcp. 8vo. 12*. 6d, 

LTBA OEBMANICA, translated from the German by Miss C. Wink* 
WORTH. PmsPT Series, Hymns for the Sundays and Chief Festivals, Second 
Series, the Christian Life. Fcp. 8vo. price ds. 6d, each Series. 

8PIBITUAL SONGS for the SUNDATS and HOLIDAYS throngh- 

ont the Year. By J. S. B. Monsell, LL.D. Fcp. 8vo. 4*. 6d. 

ENDEAVOUBS after the CHRISTIAN LIFE : Discourses. By the 
Eev. J. Mahtineau, LL.D. Fifth Edition, carefully revised. Crown 8vo. It. 6d, 

HYMNS of PBAISE and PBAYEB, collected and edited by the Key. 
J. Makhneau, LL.D. Crown 8vo. 4^. 6d. 

WHATELY'S INTBODUCTOBY LESSONS on the CHBISTIAN 

Evidences. 18mo. 6d. 

BISHOP JEBEMY TAYLOB'S ENTIBE WOBES. With Life hy 
Bishop Heber. Revised and corrected by the Rev. C. P. Eden. Complete in. 
Ten Volumes, 8vo. cloth, price £5. 5s, 



Travels^ Voyages^ &c. 



UEETINO the SUN ; a Journey all round the World through Egypt, 
China, Japan, and Califomia. By Wilijam Simpson, F.R.G.S. With 48 Helio- 
types and Wood Engravings from Drawings by the Author. Medium 8vo. 24«. 

The ATLANTIC to the PACIFIC ; What to see, and How to see it. 
By John Erastus Lester, M.A. Map, Plan, Woodcuts. Crown 8vo. 64. 

SLAVE-CATCHING in the INDIAN OCEAN. By Capt. Colomb, 
R.N. With a Map and Illustrations. 8vo. 21«. 

UNTBODDEN PEAKS and UNEBEQUENTED VALLEYS; a Mid- 
summer Ramble among the Dolomites. By Amelia B. Edwards. With a 
Map and 27 Wood Engravings. Medium 8vo. 2\s, 

The DOLOMITE MOUNTAINS ; Excursions through Tyrol, Carinthia, 
Carniola, and Friuli, 1861-1863. By J. Gilbert and G. C. Churchill, F.R.G.S. 
With numerous Illustrations. Square crown 8vo. 21«. 

CADOBE; or, TITIAN'S COUNTBY. By Josiah Gilbbbt, one of 
the Authors of the < Dolomite Mountains.' With Map, Facsimile, and 40 Blas- 
trations. Imperial 8vo. Z\s. 6d, 
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HOUBS of EXEBCISE in tlie ALPS. By John Ttndaix, LL.D. 
D.O.L. F.B.S. Third Bdition, with 7 Woodcuts by E. Whymper. Crown Svo. 
price I2s, 64. 

The ALPINE CLUB MAP of SWITZEBLAHD and the ADJACEHT 

COUNTRIES, on the Scale of Four Miles to the Inch ; from Schaffhansen on 
the North to Milan on the South, and from the Ortler Group on the East to 
Geneva on the West. Constructed under the immediate superintendence of the 
Alpine Club, and edited by B. C. Nichoi^, F.8.A. F.B.G.S. In Four Sheets. 

lyearljf readf, 

XAP of the CHAIN of tfOKT BLANC, from an Actual Survey in 
1863-1864. By Adamr-Rrillt, F.B.G.S. M.A.O. Published under the An* 
thority of the Alpine Club. In Chromolithography on extra stout drawing* 
paper 28in. x 17in. price 10«. or mounted on canvas in a fdding case, 12t, 6d, 

TBAVELS in the CENTBAL CAUCASUS and BASHAN. Including 
Visits to Ararat and Tabreez and Ascents of Kazbek and Elbmz. By D. W. 
Frbshfield. Square crown 8vo. with Maps, &c. l&f. 

PAU and the PTBENEES. By Count Henby Russbll, Member of 
the Alpine Club, die. With 2 Maps. Fcp. 8vo. price 5s. 

HOW to SEE NOBWAT. By Captain J. R. Campbell. With Map 
and 5 Woodcuts. Fcp. 8vo. price 5t. 

MT WIPE and I in QUEENSLAND ; Eight Years' Experience in 
the Colony, with some account of Polynesian Labour. By Chablbs H. Bdek. 
With Map and Frontispiece. Crown 8vo. price 9s. 

BAMBLES, by Patbicius Walker. Reprinted from Fraser*8 Magazine, 
with a Vignette of the Queen's Bower in the New Forest. Crown 8vo. io«. 6d. 

The CBUISE of HEB MAJESTT'S SHIP, the CUBA^OA, AMONG 

the SOUTH SEA ISLANDS in 1865. By JuLin3 Bbbnchlbt, Esq. M.A. 
F.R.G.S. With Chart, 43 Coloured Plates acd numerous other Illustrations. 
Imperial 8vo. price 42«. 

GUIDE to the PTBENEES, for tbe nse of Monntaineeri. By 
CnARLES Packs. With Map and Illustrations. Crown 8vo. 7s, 6d, 

The ALPINE GUIDE. By John Ball, M.R.I.A. late President of 
the Alpine Club. 3 vols, post 8vo. Thoroughly Revised Editions, with Maps 
and Illustrations :— I. Western Alps, Gs, 6d. II. Central Alps, Is. 6d. III. 
Eastern Alps, lOs. Qd, 

Introdnction on Alpine Travelling in General, and on the Geology 

of the Alps, price 1«. Each of the Three Volumes or Farts of the il(ptn« <7tt»tfe 
may be had with this Introduction prefixed, price 1*. extra. 

VISITS to BEMABKABLE PLACES: Old Halls, Battle-Fields, and 
stones Illustrative of Striking Passages in English History and Poetry. By 
William Howitt. 2 vols, square crown 8vo. with Woodcuts, a5«. 

The BUBAL LIFE of ENGLAND. By the same Author. With 
Woodcuts by Bewick and Williams. Medium 8vo. 12*. 6d. 



Works of Fiction. 



ELENA; an Italian Tale. By L. N. Comyn, Author of *Atherstone 
Priory.' 2 vols, post 8vo. lis. 
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LADT WILLGUGHBY'S DIAET, 1635—1663; Charles the First, the 
Protectorate, and the Eestoration. Beprodnced in the Style of the Period to 
-which the Diary relates. Crown 8yo. price 7s, 6d. 

FOFULAE BOMAKCES of the MIDDLE AGES. By George W. 
Cox, M.A., Author of the ' Mythology of the Aryan Nations ' &c. and Eustacb 
HiNTON Jones. Cro^n 8yo. price 10«. 6d, 

TALES of the TEUTONIC LANDS; a Sequel to < Popular Homances 
of the Middle Ages.* By the same Authors. Crown 8to. 10«. 6d. 

rhe FOLK-LOBE of SOME, collected by Word of Mouth from the 
People. By B. H. Busk, Author of * Patrafias,* &c. Crown Bvo. 12<. 6d. 

The BXJBOOMASTEB'S FAtfILT ; or, Weal and Woe in a Little 
World. By Chtostine Muller, Translated from the Dutch by Sir Johk Shaw 
Lefbybb, F.B.S. Crown 8vo. price 6*, 

NOVELS and TALES. By the Right Hon. B. Disraeli, M.P. 
Cabinet Edition, complete in Ten Volumes, crown 8vo. price £8. 



Benrietta Temple, 6t. 
CoNTAUim Fleming, Sic. Bs, 
Alrot, Ixion, &.C, Gs, 
The Young Duke, &c. 6«. 
Vivian Grey, 6*. 



LOTHAIR,64. 

coningsbt, 6«. 
Stbil, 6s. 
Tang RED, Gs. 
Venetia, 6s. 

the MODEBN NOVELIST'S LIBBABY. Each Work, in crown 8to. 

complete in a Single Volume :— 
ILtherstone Priort, 2s. boards ; 2s. 6d. cloth. 
Melville's Gladiators, 2s boards ; 2s. 6d. cloth. 

Good for Nothing, 2s. boards ; 2s. 6d. cloth. 

HOLMBT House, 2s. boards ; 2s. Cd. cloth. 

Interpreter, 2s. boards ; 2s. Gd. cloth. 

Kate Coventry, 2s. boards ; 2s. Gd. cloth. 

— ' Queen's Maries, 2s. boards ; 2s. Gd. cloth. 

Digby Grand, 2s. boarda ; 2s. Gd. cloth. 

General Bounce, 2s. boards ; 2s. Gd. cloth. 

rROLLOPE's Warden, Is. Gd. boards ; 2s. cloth. 

Barchester Towers, 2s. boards ; 2s. Gd. cloth. 

^ramley-Moore's Six Sisters o/ the Valleys, 2s. boards ; 2s, Gd. cloth. 

[CABINET EDITION of STOBIES and TALES by Miss Sewell:— 

Ivors, 2s. Gd, 



Amy Herbert, 2s. Gd, 
Gertrude, 2s. Gd, 
The Earl's Daughter, 2s. 6d, 
Bxpereekce o/Life, 2s. 6d. 
Glevs Hall, 2s. 6d, 



Katharine Ashton, 2s, 6d. 
Margaret Percival, 3*. Gd, 
Laneton Parsonage, Zs. Gd. 
Ursula, Zs» Gd, 



TTLLENE; or, the Fall of Paganism. By Henry Snetd, M.A. 

University College, Oxford. 2 vols, post 8vo. price Us, 
BECKEB'S OALLUS ; or, Eoman Scenes of the Time of Augustus : 

with Notes and Excursuses. New Edition. Post 8vo. 7s. Gd, 
BEGEEB'S GHABICLES: a Tale illustrative of Private Life among the 

Ancient Greeks : with Notes and Excursuses. New Edition. Post 8yo. 7s, Gd. 

TALES of ANCIENT GBEECE. By Georoe W. Cox, M.A. late 
Scholar of Trin. Coll. Ozon. Crown 8vo. price Gs. Gd, 



Poetry and The Drama. 



FAUST: a Dramatic Poem. By Goethe. Translated into English 
i*rose, with Notes, by A. Haywabd. Eighth Edition. Fcp. 8vo. price 2s, 
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BALLADS and LTBICS of OLD FSAHCE; with other Poems. By 
A. Laho, Fellow of Iferton College, Oxiotd. Bqnare fop. Svo. price 6s, 

MOOSE'S ntlSH MELODIES, Maclise's Edition, with 161 Steel Batei 
from Original Drawings. Super-royal 8vo. SU, 6d, 

Hiniatnre Edition of Moore'i Irish tfelodiei, with Madise's De- 
signB (as abQTe) reduced in Lithography. Imp. 16mo. lOi, 6d, 

MOOSE'S LALLA BOOKH. Tenniers Edition, with 68 Wood 
Engravings from Original Drawings and other Illustrations. Fop. 4to. iU, 

SOUTHET'S POETICAL WOBES, with the Author's last Cozrections 
and copyright Additions. Medium Sto. with Portrait and Vignette, lis. 

LATS of AKCIEKT SOME ; with lYBT and the ABXADA. By tlie 
Bight Hon. Lord Macauult. 16mo. Bs. 6d, 

Lord Maoanlay's Lays of Ancient Borne. With 90 Ulustratioiis on 
Wood, from the Antique, from Drawings by O. Scharp. Fcp. 4to. 21«. 

Miniature Edition of Lord Maeaulay's Lays of Ancient Borne, 
with the Illustrations (as above) reduced in Lithography. Imp. lemo. 10«. 9d, 

OOLDSMITH'S POETICAL WOBES, with Wood Engravings &om 
Designs by Members of the Etching-Olub. Imp. 16mo. 7«. 6d. 

The JEKEID of VIBGIL Translated into English Verse. By Jomr 
CoinKaTON, M.A. New Edition. Grown 8vo. 9s, 

The ODES and EPODES of HOBACE ; a Metrical Translation into 
English, with Introduction and Commentaries. By Lord Lytton. With Latin 
Text. New Edition. Post 8vo. price 10«. 6d, 

HOBATn OPEBA. Library Edition, with Marginal Keferences and 
English Notes. Edited by the Rev. J. E. Yonqb. 8vo. 2U. 

The LTCIDAS and EPITAPHIUM DAMOKIS of MILTON. Edited, 
with Notes and Introduction, by C. 8. Jbbram, M.A. Trin. Coll. Oxford ; in- 
cluding a Keprint of the rare Latin Version by W. Hogg, 1694. [/« thepreu, 

BOWDLEB'S FAMILT SHAESPEABE, cheaper Genuine Editions. 
Medium 8vo. large type, with 36 Woodcuts, price 14s, Cabinet Edit^n, with 
the same Illustrations, 6 vols. fcp. 8vo. price 21s. 
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